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1. PREFACE 
 
This submittal covers the World Water Works’ www/Resource DAF (Dissolved Air Flotation) 
system. This DAF system represents one of the most compact and efficient bulk liquid/solids 
separation systems on the market. 
 
This submittal has been developed to provide the operator with a conceptual background of 
physical/chemical separation mechanisms, a general overview of the system operation controls 
and procedures, list of components, and an avenue to responsive customer service. 
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2.  INTRODUCTION 
 
Several different methods are commonly used to treat wastewater. These include:  

1. Biological Degradation  
2. Chemical/Physical Separation  
3.  Physical Filtration  
4. Adsorption  
5. Chemical Oxidation or manipulation  
 

Although many of these methodologies may be employed in the users complete process, the 
www/RESOURCE utilizes a form of chemical and physical precipitation called Dissolved Air 
Flotation (DAF). Chemical and physical precipitation is often the first step in any wastewater 
treatment process. It involves the introduction of certain types of chemicals to attract the 
particulate and suspended solids to each other to form larger particles which will more readily 
physical separate by means of gravity settling, or in this case dissolved air flotation. 
 
www/RESOURCE DAF  
The goal of this process is to thicken WAS from an aerobic treatment process while maximizing 
solids capture. This specialized technology offers many benefits to conventional gravity settling 
due to its efficiency. It is especially effective treating wastewater with fats, oils, and greases, 
fibers and other low density materials.  
 
CONSISTENCY  
In industrial settings, consistency of the stream is an important part of effective treatment.  The 
importance of consistency is described by Stoke’s Law, which is a measure of the separation 
time of the solids from the liquid.  The separation time will vary based on the type of impurities, 
but it will also vary quite significantly based upon the concentration of the solids.  When there 
are more impurities in the water, it takes more time for liquid/solids separation occurs. Visually, 
one may understand this by imagining a beaker of water with one suspended particle and 
another beaker with many suspended particles.  Both beakers are mixed.  As the velocity of the 
water slows, the particles begin to separate.  The particle in the first beaker floats easily and 
quickly to the surface, while the particles in the second beaker are gradually floating.  However, 
the drive upward is impeded as the particles interact transitioning the energy from one particle 
to another.  Some particles loose energy and move more slowly to the surface.  A good analogy 
to show evidence of this situation occurs every day in Subway’s, Ski-trams, etc.  If one was 
trying to catch a subway at 3:00 am in the morning, one simply walks through the door when it 
arrives at the station.  However, if one was trying to do the same thing at 5:00 pm in the 
afternoon, one would have to move forward and pause and move forward and pause as the 
crowd of people attempt to get to the same place.  It is critical that accurate consistency 
numbers are provided to World Water Works to assure the proper sizing of the system to allow 
for efficient liquid/solid separation.  Often, World Water Works conducts bench scale studies as 
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well as pilot treatability studies to verify separation efficiencies.  Proper equalization should be 
employed to mitigate surges in loadings.  This will also help to provide consistent performance 
of the chemical used to coagulate the materials.  
 
CHEMICAL ADDITION  
Typically, the first step of treatment employs the use of chemical coagulation and/or flocculation.  
There are a vast array of chemicals that can be injected into the water to cause coagulation and 
flocculation.  COAGULATION is the process whereby small particles and suspended solids are 
attracted on the micro level resulting in “pin-floc” formation.  Mechanisms vary from simply 
adding inorganic insoluble complexes, which are a pin-floc themselves and sweep away the 
impurities, to adding an organically charged molecule, which attracts suspended materials to 
form a larger particle.  Coagulants are effective in the aid of color removal, organic removal, and 
very fine particulate removal.  FLOCCULATION is the process whereby pin-flocs are bridged 
through attraction to form large flocs.  Flocculants are typically long chained multi-chained 
organic molecules.  They can be characterized as liquid magnets.  The types of coagulants and 
flocculants utilized will depend upon the amount and types of impurities and the pH of a 
wastewater slurry.  The pH of the water is also a critical factor on the performance of the 
chemicals and should be controlled.  Proper coagulation and flocculation is critical to the 
performance of a DAF system.  Thus, It is important to find a chemical treatment program that 
will have a wide window of performance and efficient dosage requirements to achieve 
flocculation.  As every water slurry is different, a facility’s chemical supplier representative 
should develop an efficient program through a series of bench-scale treatment tests.    
 
DISSOLVED AIR  
Once proper flocculation has been achieved, which takes place either in line or in a 
pretreatment tank, the water is introduced into the DAF vessel.  Immediately, dissolved air is 
introduced into the feed stream.  On the www/RESOURCE, WWW has perfected the air bubble 
micron size to below 30 microns at 93%+ saturation, which is among the best in the industry.  
This fine bubble is critical to efficient operation of the www/RESOURCE.  If large bubbles were 
introduced into the stream, the bubbles would rapidly surface.  The large bubbles would not lift 
smaller particles to the surface and these bubbles will cause turbulence.  This can be witnessed 
by blowing instead of sucking through a straw in a glass of water.  The bubbles will be large and 
highly turbulent.  If the same thing is done using a cocktail straw, the bubbles will be smaller and 
the turbulence will be reduced.  Turbulence inhibits liquid/solids separation as described in the 
Velocity section below.  The dissolved air can be sampled using a clear glass on the discharge 
side of the dissolved air pumps.  The water will appear milky white and then a clear separation 
will be seen at the bottom of the jar as the air gently rises to the surface.  The finer the air 
bubbles, the gentler and slow the rise.  These fine bubbles will sweep the solid impurities as 
they head to the surface providing efficient liquid/solids separation.    
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VELOCITY OF WATER 
The velocity of the water is also critical to its separation and is another consideration in Stoke’s 
Law.  Reynold’s number provides the point where water transitions from turbulent to laminar 
flow as the velocity slows.  Stoke’s Law applies only to laminar flow.  This is a basic principal.  
Consider water moving quickly (turbulently) through a pipe - particles in the water will be unlikely 
to settle in that pipe.  Now, consider water moving extremely slowly (laminar) through the pipe – 
particles in the water will easily separate.  The slower the velocity, the better the separation 
efficiency.  The www/RESOURCE DAF uses a unique Cross Flow design.  This design causes 
the water to spread out across the entire system as it enters the vessel.  In this manner, the 
velocity of the water is far slower than other DAF systems.  Thus, the liquid/solids separation 
capabilities of the www/RESOURCE are superior.  
 
INTERIOR SURFACE AREA  
Most waste streams contain a vast array of particle sizes and impurity types.  Many of these 
impurities are similar in density or less dense than water and can easily be encouraged to float, 
while others are much denser than water and rapidly settle.  The www/RESOURCE is designed 
with a complex array of baffles and plates which provide surface area.  The surface area 
provides a destination for the particles whether floating or settling.  Once the particles reach this 
destination, they are essentially separated from the main waste stream.  These particles will 
then travel on the plates to the surface where they are removed by a rake skimmer or to the 
bottom of the vessel into cones where they are periodically removed by the solids removal 
pump.    
 
OPERATION CONTROLS  
There are three main points of control to assure proper treatment:  
 
1) Proper chemical feed rates;   
2) Proper air introduction;  
3) Proper Solids Removal  
 
These three factors can be controlled quite easily by the operator.  For detailed instructions, see 
the operations section of this manual.  
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3.   DESIGN BASIS  
 

TYPE OF FACILITY: Resource Recovery / Meat Processing 
 
TREATMENT GOALS: TSS/FOG/BOD Reclamation 
 
DESIGN CRITERIA: 
The following data has been provided by the Customer and used to develop the proper design 
solution. 
   

Design Flow   
 Average 1,800 GPM (2.592 MGD) 
 Maximum 2,400 GPM (3.456 MGD) 
 Maximum Rated 3,000 GPM (4.320 MGD)1 
 
 Parameters System Design Influent Projected Effluent2 
 TSS 2,500-2,800 ppm <250 ppm 
 FOG 800 ppm <80 ppm 
 BOD 3,500 ppm TBD 
 pH 6.5 to 7.5 S.U. 5.5 to 8.0 S.U. 
 Temperature  <95°F N/A 

 

 
                                                 
1 Based on flow during sanitation – rake and Nikuni pump to remain operational; chemical feed off. 
2 DAFs are designed to remove FOGs, TSS, and insoluble organics only; and actual removal efficiencies will be 
significantly affected by the pH, temperature, and chemical programs utilized in the DAF.  Jar testing should be 
performed in order to more accurately project removals across the DAF unit especially as it relates to TBOD. 
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 4.  PROJECT SCOPE (Deliverables) 
 
Item Quantity Description 
 
DAF System 1 DAF unit (model RSP-6L) without flocculator 
 1 Extended platform with lapeyre ladder 
 2 Nikuni pumps (model M80SP-1), 40 HP 
 1 Installed spare Nikuni pump (model M80SP-1), 40 HP 
 1 Motovario rake gear box and motor, 5 HP with VFD 
 1 Boerger sludge pump (model PL200), 5 HP with VFD 
 1 12” Badger electromagnetic flow meter (model M-2000) 

 
Sludge Load Out  2 Boerger sludge pumps (model PL200), 5 HP 
 
Control System 1 Advanced PLC based controls pre-wired with VFD’s, 

motor starters, etc.  (stainless steel NEMA 4X enclosure) 
 
Engineering Services  Pump calculations 
  Line size verification 
  Hydraulic profile 
 
Chemical Feed Platform  WWW to supply chemical system platform 
 
Support and Training  10 days on-site training & start-up support (Max. 2 trips) 
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5.  SAFETY 

 
General Wastewater Treatment Facility Safety 

Required Optional 

Non-slip, steel toe shoes Hard hats 

Safety glasses Hearing Protection 

Chemical proof gloves Ring buoy 

Life vest Rescue hook 

Gas monitors Ozone detector 

 Fall protection 
 

To ensure maximum safety, and to gain knowledge of this system, it is important that 
any operator ct the World Water Works' Wastewater Treatment system read and 
understood the contents of the manual before this equipment is operated.  Pay special 
attention to any caution or warning stickers or symbols placed on the equipment. 
Failure to comply with the instructions can result in damage to the system or personal 
injury. 
 
The precautions mentioned in this manual are not intended to cover all of the warnings 
or hazards that can exist in a wastewater treatment plant or on these systems. Using 
safety mechanisms requires the constant attention of everyone near these tanks and 
machines.  Strong safety practices must be used by plant personnel for this system or 
any other equipment.  Proper equipment maintenance and use of personal safety 
devices contribute as much towards safety as will any number of mechanical safety 
devices. 
  
Study this manual and all individual equipment manuals thoroughly before attempting 
to install, operate or maintain these systems. Only competent, well- trained individuals 
should operate or maintain this system.  
 
Explain the operation of this system and its safety devices to a new operator or anyone 
attempting to operate this system before allowing them to do so Be certain that he or 
she fully understands these systems and corresponding devices and that they are 
qualified to operate this system. 
 
Develop a safety checklist for the devices of this system and perform regular 
maintenance duties to ensure its proper operation. Example list provided below. WWW 
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recommends that an eye wash station and/or showers are installed adjacent to any 
chemical usage area.  

OTHER SAFETY TIPS AND SUGGESTIONS  
 

• Always have a minimum of two (2) persons working together when doing any work on 
top of the MBBR reactors or when changing out hazardous chemicals.  Persons 
should maintain both visual and verbal contact at all times. 

 
• Always maintain proper site security to prevent untrained people from entering the 

wastewater treatment facility. Some security suggestions are: Security Gates/Fences, 
Warming Signs, Locks on ALL Entrances Both into the Ste and on Individual Buildings 
and Tanks within the Site, Security Guards, Monitoring Cameras, etc. 

 
• Safety instructions and decals are located on the equipment.  Replace any damaged 

decals.  
 
• Hardhats should be worn in any areas with above ground work taking place or where 

bump hazards exist. 
 
• Do not operate unless safety devices or guards are in place and operating properly. 
 
• Do not operate or perform maintenance on any part of the system without proper eye 

protection. 
 
• Always review proper safety handling procedures for chemical with the chemical 

provider.  
 
• Never store incompatible chemicals together (For Example: Acid/ Caustic)  
 
• Proper air monitoring should always be used when working on top of the reactor tank 

to make sure there is no residual Ozone from the Odor Control System.  It is always 
safer to shut down the ozone system when working on the top of the tank and/or near 
the tank exhaust stack. 

 
• Always follow proper lab safety procedures when performing sampling and or process 

control testing. Consult your lab equip1lent provider for required PPE and proper clean 
up and disposal procedures for all tests being performed. 

 
• Beware of slip hazards in and around the wastewater treatment facilities, especially 

those located in cold weather climates.  Slip hazards do not only exist as a result of 
ice, but can be as a result of chemicals spills such as polymer. 

 
• Non-Sip, Steel Toed, Steel Soled shoes should be worn at all times when working in or 

around a wastewater treatment facility. 
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• Water borne disease is a concern for wastewater workers. Currently (as of July 1, 

1998) The National Institute for Occupational Safety and Health (NIOSH) has made no 
official recommendations regarding vaccinations for workers who contact sewage 
NI091 does point out that sewage workers, like all adults, should be current on their 
tetanus-diphtheria immunization. NIOSH also pointed out that there is continuing study 
on hepatitis A vaccinations for sewage workers. NIOSH (along with several other 
agencies and researchers) do acknowledge that there may be some potential risk for 
water borne pathogens and they further state that one of the best defenses against 
water borne disease for sewage workers is to practice good hygiene and good house-
keeping. 
 

• Workers at wastewater facilities should wash their hands frequently with anti-bacterial 
soap.  Be sure to wash thoroughly and scrub under nails with a brush.  Especially be 
sure to wash up before eating, smoking or drinking.  

 
• Open cuts or wounds should be protected, be sure to replace contaminated dressings. 
 
• Avoid direct contact with wastewater; always wear rubber gloves and protective 

clothing when working with wastewater. 
 
• Do not wear contaminated or soiled clothing, wash work clothes regularly to remove 

contaminants.  It is suggested that work clothing for wastewater workers be washed 
on-site.  It is NOT recommended to bring sewage contaminated clothing home.  Let 
your work clothing (and work boots) remain at work.  Bringing the contaminated 
clothing home may expose other family members to pathogens.  It is also 
recommended that you take a shower at the end of your shift. 

 
• In spite of everyone's best efforts, at times thing may go wrong that result in copious 

amounts of wastewater or wastewater residues spewing forth onto workers.  If you get 
sprayed or soaked down with sewage or sewage residues, change clothes and take a 
shower. 

 
• Keep your fingernails short and DO NOT bite your nails!  
 
• DO NOT stick your fingers or hands in your mouth, nose, eyes or ears. 
 
•  One of the biggest dangers faced by workers in wastewater systems is “Confined 

Spaces".  There are many dangers associated with confined spaces with one of the 
primary hazards being atmospheric.  The potential for deadly environments exists in 
confined space areas.  Workers need to be able to identify and deal with hazards 
associated with confined spaces.  Examples of confined spaces in wastewater system 
include (but are not limited to), manholes, sewers, pipelines, storage tanks, wet wells, 
digesters and pump stations. Additionally, atmospheric hazards may exist in other 
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areas where wastewater or wastewater residues are processed.  The use of personal 
gas detection equipment while working in a wastewater facility is recommended.  It is 
recommended that wastewater workers obtain and follow all OSHA requirements for 
working in confined spaces. 
 

• As mentioned above, atmospheric hazards may exist anywhere in a wastewater 
treatment system where wastewater or wastewater residues (biosolids) are processed.  
As a result of the natural decomposition and treatment of wastewater or wastewater 
residues, gases are produced and or consumed.  Examples of the gases produced 
include methane, hydrogen sulfide, and carbon dioxide.  Additionally, oxygen may be 
displaced or consumed by organisms thus resulting in an oxygen depleted 
atmosphere.  Atmospheric hazards can also come from industrial or commercial 
sources as well.  There are documented cases of gasoline finding its way into sewer 
systems.  The use of fixed or permanent mounted gas detection equipment (in addition 
to personal gas detection) will protect property and lives.  Be sure to calibrate and 
maintain gas detection equipment as per manufacturer’s recommendations.  
Atmospheric and explosion hazards are especially prevalent at facilities that utilize 
anaerobic digestion in their treatment process.  There are several documented cases 
of treatment facilities exploding and workers being killed as a result of methane 
explosions at treatment facilities using anaerobic digestion. 
 

• Drowning is also a serious threat it wastewater facilities.  There are several 
documented cases of workers and officials drowning in wastewater systems.  Extreme 
currents and process equipment make the wastewater system a deadly environment 
from the standpoint of drowning.  Be sure that there is railing around all process 
tankage and pits.  If you must work inside the railing area, be sure to wear a life line 
and personal flotation device (PFD).  Rescue buoys and throw bags are also a good 
idea.  Be sure to locate rescue equipment in easy to access areas in wastewater 
systems.  Remember, the use of PFD's is always a good idea when working near 
waterways.  SPECIAL NOTE:  If working over open water for extended periods of time, 
it is suggested that the aeration system is turned off as, even with a life vest, drowning 
is a major hazard. 

 
• Chemical hazards are also present at wastewater treatment facilities.  In some cases 

(such as chlorine), the chemical hazard may be deadly.  Be sure to read and 
understand the MSDS for the chemical product you are working with.  The MSDS for 
all products should be easily accessible to both system workers and emergency 
responders.  Be sure to follow all recommendations for personal protective equipment 
when working with chemical products.  Clean up all chemical spills promptly.  
Depending on the type and quantity of chemical spilled, you may also need to report 
the spill to your county Emergency Operations Center.  Refer to State and Local 
regulations for more information on reporting requirements for chemicals you have on 
site.   
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For example, if you have 100 pounds or more of chlorine on site, planning and 
reporting requirements are triggered.  Chemical hazards may also be present at the 
industries connected to your system.  Sewer use ordinances should include provisions 
to prohibit dangerous substances from entering the sewer systems, spill prevention 
and containment plans can prevent disasters of this sort from happening.  Also, be 
sure you are familiar with the proper use and maintenance of personal protective 
equipment and clothing.  Using and maintaining equipment such as Self Contained 
Breathing Apparatus (SCBA) requires training and practice. Using this equipment in a 
hazardous environment needs to be second nature. A mistake or panic in a dangerous 
environment could be disastrous!  
 

• Falls in wastewater system are a danger as well.  The use of fall protection devices 
can prevent serious injury.  Good house-keeping can help by removing slipping or 
tripping hazards. 

 
• Fire and explosion in wastewater systems is a concern as well.  For more information 

on this subject, it is recommended that wastewater systems obtain a copy of "NFPA 
820 Standard for Fire Protection in Wastewater  Treatment and Collection Facilities" 
The National Fire Protection Association (NFPA) is located in Quincy, MA.  The NFPA 
820 standard can be ordered directly from NFPA.  You can find them on the Internet. 

 
• There have been many documented injuries from heavy lifting in wastewater treatment 

facilities.  Most equipment found in wastewater systems is quite heavy.  Proper 
technique for lifting objects is necessary to prevent injury.  Crush injuries from this 
equipment is a threat as well. 

 
• Develop and integrate a safety program into your work environment.  A facility safety 

officer or safety committee can help to focus on safety and health related issues. While 
prevention is always the best answer, accidents continue to happen.  It is a good idea 
to follow up after an accident or injury to look at the cause so future accidents can be 
prevented.  Be sure to keep up with the latest regulations or standards as well as 
changes in safety science that relate to your facility.  

 
• Regular medical surveillance (regular physical examination) is a good idea and may 

even be a necessity especially for workers who are exposed to hazardous materials. 
 
•  Electrocution or mechanical hazards due to energizing circuits on equipment being 

repaired or serviced is also a concern.  Establish a "Lock Out/Tag Our” procedure 
when working on process equipment to prevent accidental starting of equipment.  
Physically locking out the breaker and motor starter prevents these types of accidents. 
Similarly, valves to process tanks should also be locked to prevent accidental flooding 
during maintenance.  (Keep in mind that more than one electrical connection may be 
involved.)  
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• The wastewater laboratory can present hazards to wastewater workers.  Often times, 
wastewater labs acids or poisonous reagents that must be handled and stored 
properly.  Examples of equipment you may want to have in your lab include, acid 
storage cabinets, emergency deluge showers, eye wash stations, appropriate fire 
extinguishers, fire blanket, fume hoods and spill clean-up kits.  Always wear safety 
goggles, lab smock and gloves when working in the lab.  Eating, smoking or drinking in 
the lab IS NOT a good idea.  Never pipette by mouth as many reagents are corrosive 
and/or poisonous.  DO NOT store food in the same refrigerator with reagents or 
samples.  Clean up all spills promptly using the appropriate materials.  All reagents 
and products in a lab should be clearly labeled.  

 
•  All facilities should develop plans on how to deal with emergencies.  Proper 

preplanning can save lives and property.  Examples of emergency plan topics could 
include subjects such as fire, explosion, flood, spills into the sewer system, chemical 
releases, severe weather, medical emergencies, or other natural and man-made 
disasters. It is a good idea to occasionally test and update plans, especially where 
plans involve the interaction of several agencies or groups.  Voluntary employee 
emergency information sheets can provide emergency medical workers with valuable 
information about the injured person (especially if they are unconscious).  Medical 
information is a private matter and needs to be kept confidential.  Coordinate where 
you would keep employee information sheets and the needed information with 
emergency medical personnel.  Chaos, confusion and panic are some of the elements 
that may accompany an emergency.  Proper planning can reduce or eliminate tragic 
circumstances.  Emergency planning needs to happen before the emergency occurs!  
Anticipate and expect the UN-expected. 
 

SAFETY CHECKLIST 
Proper House Keeping  
Proper Chemical Spill Containment  
Proper Chemical Storage (ie. Acids stored away from Caustic)  
Exposed Wiring or Electrical Connections  
Proper Lighting   
Operation of Safety Showers / Eye Wash  
Proper PPE Available  
Overhead / Bump Hazards  
Proper Equipment Guards in Place  
Damaged or Leaking Piping / Equipment  
All Equipment, Chemicals, and or Pipes Properly Labeled   
MSDS / LOTO Station Available and Up to Date  
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6.  DISSOLVED AIR FLOTATION (DAF) SYSTEM 
 

A. DISSOLVED AIR SYSTEM SPECIFICATION  
 
The www/RESOURCE Dissolved Air Flotation (DAF) system removes suspended solids, 
fats, oils and greases, and other insoluble materials.  The www/RESOURCE DAF achieves 
high rate removal efficiencies at a low operational cost by employing such proprietary 
techniques as: Progressive Water Extraction, Cross-Flow, Nikuni Dissolved Air, Lamella 
Plate Pack Design, Cone Bottom Sludge Removal and proficient Hydraulic design. 

 
Dissolved Air Flotation (DAF) is the process whereby micro-air-bubbles cause suspended 
materials to float to the surface of a vessel to achieve liquid/solids separation.  The 
wastewater first enters the low shear mixing pipe flocculator where coagulants and 
flocculants may be introduced to increase the particle size along with “whitewater.”  
Whitewater is a mixture of a portion of the DAF effluent, which has been saturated with 
atmospheric air via the Nikuni air dissolving technology.  The wastewater then enters the 
vessel across the length of the system.  The velocity of the water is significantly reduced to 
maximize separation potential.  Inside the vessel, the microbubbles, which have attached to 
the particle surface affect the particle density, cause the suspended solids to float to the 
surface where a chain and flight skim them from the surface into a top cone.  The “clean” 
liquid is continuously removed at several points inside the vessel and passes over pipe 
weirs into an effluent box.  From the effluent box, the wastewater gravity feeds out of the 
system.   

 
FEATURES 

* Polypropylene Frame Construction- Provides superior qualities compared to 
stainless steel such as: lighter weight, higher chemical resistance (corrosion 
resistance), longer life span, less expensive (materials costs) and lower 
maintenance. 

* Lamella Plates are used to increase surface area and improve performance. 
* Progressive Water Extraction – The process of extracting the clean water from the  

system as the influent travels through the system, providing additional time for the 
concentrated slurry to separate. 

* Dissolved Air – The Nikuni regenerative turbine pump is used for generating 20 
micron bubbles at very high saturation efficiencies. 

* Cross Flow – The vessel design is such that the influent water is spread across the 
length of the vessel to reduce the velocity of the water to optimize separation 
efficiencies. 

* Cone Bottom Sludge Removal – A safe, low maintenance method for efficient 
removal of any settled particles.  
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SYSTEM SPECIFICATIONS 
Model RSP-6L 
Average Design Flow: 1,800 GPM  (2.592 MGD) 
Maximum Flow: 2,400 GPM  (3.456 MGD) 
Maximum Temperature: 170 ºF 
pH Tolerance 1 – 12 S.U. 
Design Air/Solids Ratio 0.0084 @ 95oF; 1,800 GPM; 2,500 ppm TSS 
 

Dimensions 
Vessel Dimensions Approx. 11’6”w x 20’4”l x 15’6”h 
Overall Dimensions Approx. 14’2”w x 20’6”l x 15’10”h 
 (Dimensions do not include platform) 
Platform Dimensions 

Extended Per Final Design 
DAF Weight 

Shipping Approx.   20,800 lbs 
Operational Approx. 133,800 lbs 

 
Pipe Diameters 

Inlet One (1) 16” 150 LB ANSI FLANGE 
Outlet Two (2) 12” 150 LB ANSI FLANGES 
Sludge One (1) 4” 150 LB ANSI FLANGE 
 

Standard Equipment 
Dissolved Air Pumps Two (2) Operational Nikuni M80 SP-1-S-V (40 hp) 
 One (1) Installed Spare Nikuni M80 SP-1-S-V (40 hp) 
 One (1) On-the-Shelf Spare Nikuni M80 SP-1 (40 hp) 
Sludge Pumps Three (3) Boerger PL200 Rotary Lobe (5 hp) w/ VFD 
Rake Drive Motor Motovario CB123-160.23 (5 hp) w/ VFD 
Manual Valves 6” Orbinox 10-2134R-060-NRS 
Control Valves 6” Orbinox 10-2134R-060-DA 
Solenoid Valves SMC NVFS2100-5FZ 
Solenoid manifold station SMC NVVFS-01T-061-02T 
 

Materials of Construction 
Vessel Polypropylene 
Piping Polypropylene and SCH 80 PVC 
Plates HDPE 
Platform Aluminum 
Handrail Aluminum 
Grating Fibergrate 
Dissolved Air Pump Stainless Steel Internals/Body 
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Pneumatic Valves Stainless Steel 
Manual Valves SCH 80 PVC 
Chain Glass Reinforced Polyester 
Wear Blocks UHMW 
Gaskets EPDM 
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7. DISSOLVED AIR FLOTATION (DAF) SYSTEM  
 
     B. DAF INSTALLATION & START-UP INSTRUCTIONS  
 
1. SHIPPING 
 
Major shipping items (with approx. weight) are categorized as follows: 
 
Trailer 1:  
 
1)   One (1) Bottom section of the DAF. ( approx. 5,600 lbs)   
2)   One (1) Influent header with mounting stand. ( approx. 1,500 lbs)   
3)   One (1) Nikuni pump skid (=three (3) installed Nikuni pumps) (approx, 8,000 lbs) 
4)   One (1) Nikuni pump “on-the-shelf” spare (pump head only without skid, motor and valve assembly)  
      (approx. 300 lbs) 
5)   Three (3) Boerger sludge pumps (approx. 500 lbs/ea) 
6)   One (1) Lapyere type stair (approx. 180 lbs) 
7)   Nikuni recirculation pipies, PVC S80 and SS304 (approx. 220 lbs) 
8)   Platform handrails (approx. 200 lbs) 

 

Trailer 1 shipping layout 
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Lifting lugs
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Trailer 2:  
 
9)    One (1) Upper section of the DAF. (approx. 18,700 lbs) 
10)  One (1) Wood crate containing flexible hoses, bolts, flange materials, and electronic equipment.     
       (approx. 4’x4’x8’) 
11)  Platform. (approx. 800 lbs) 
12)  Sludge pipes, 4”, 6” PVC S80. (approx. 200 lbs) 
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Lifting lugs

Trailer 2 shipping layout 
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Project 11-225 
Mountaire Millsboro

Installation for DAF UnitInstallation for DAF Unit
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The Top section is the heaviest item. ThisThe Top section is the heaviest item.  This 
section weighs approx 17,500 lbs.  

Spreader Bars are recommended to keep the 
pressure of the rigging material from pulling in 
the on the DAF unit If Spreader Bars are notthe on the DAF unit.  If Spreader Bars are not 
available, 60’ straps are to be used as 
minimum.  

World Water Works, Inc. Confidential 3
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1) Orientate the lower base section to where1) Orientate the lower base section to where 
the extend ends are towards the 
discharge end of the DAF unit.

2) Install the supplied 3 O-rings into their 
respective grooves.  The O-ring ends are 
glued together, if they happen to come g g , y pp
apart, use a small amount of silicone to 
join them together after they have been 
installed.  

World Water Works, Inc. Confidential 4
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General Piping SpecsJoin Upper and Lower Sections of DAF unit
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1) Lower the top section down onto the1) Lower the top section down onto the 
bottom, if the top section sides around 
during lowering, make sure the O-ring 
material stays in the grooves. Using an 
alignment bar will help setting in place.

2) Install all provided bolts around the base ) p
flange.  

World Water Works, Inc. Confidential 5
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START HERE
1) Install all Bolts, Nuts with Washers and1) Install all Bolts, Nuts with Washers and 

snug hand tight
2) Starting at the middle of thee solids 

hopper end, torque bolts to 10 ft/lbs, 
moving towards the piping side of the 
unit.  

3) Reset Torque to 20 ft/lbs and make 
another entire revolution

4) Repeat to 45 ft/lbs
5) Make final rotation at 55 ft/lbs.
6) The final torque may need to be checked6) The final torque may need to be checked 

after a system is in operation.  
7) If unit is to moved after the main body 

assembly, it can be lifted by the upper 
lifting lugs or from the bottom of the unit.  

World Water Works, Inc. Confidential 6
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1. Once DAF unit is installed on a flat1. Once DAF unit is installed on a flat 
smooth surface, install anchor bolts if 
necessary.  The bolts in the center of the 
unit should be firmly secured.  The anchor 
bolts on the outer edges, should only be 
snug, this will allow the unit to expand and 
contract with various environmental or 
operational conditions. 

2. Move the main inlet header to the DAF 
unit and install the flange gaskets and 
bolts. The main header should not be 

h danchored.  

World Water Works, Inc. Confidential 7
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1. Install Polymer injection assembly.1. Install Polymer injection assembly.
2. All connections are provided with Unions.  

Make sure O-Rings are installed before
tightening. 

World Water Works, Inc. Confidential 8
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Install Nikuni Pump and Main Header sta u u p a d a eade
bleed off lines.  These lines join together 
and allow large air bubbles to be removed 
from the main header and Nikuni Pump 
aeration header.  

World Water Works, Inc. Confidential 9
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1. The solids pump is provided on a skid.1. The solids pump is provided on a skid.  
The skid should be securely fastened to 
the surface to prevent vibration.

2. A “Y-shaped” 6” flanged PVC S80 pipe is 
provided on the discharge side of the 
solids hopper. A 4” flanged PVC S80 pp g
pipe is provided on the suction side of the 
pump.  This only discharges the sludge 
from the solids hopper.

3. The discharge of the pump should also be 
connected to the discharge piping.  This 
is provided by others.  WWW 
recommends a flexible connector to 
reduce vibration.  The discharge pipe 
must be securely fastened.

World Water Works, Inc. Confidential 10
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A 4” flanged PVC S80 pipe is provided.  It a ged C S80 p pe s p o ded t
will be connected to the bottom cone 
solids header.  This will be used for 
discharge into the trench underneath the 
DAF.

World Water Works, Inc. Confidential 11
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Install Factory Piping

C
op

yr
ig

ht
 2

0

A 16” flanged header influent pipe will be 6 a ged eade ue t p pe be
provided.  It will connect to the header 
and the upstream end of the pipe will be 
embedded in the concrete pier. 

World Water Works, Inc. Confidential 12
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1. The bullet will not be attached to the e bu et ot be attac ed to t e
Nikuni skid.

2. Place the bullet next to the concrete pier 
on the outside of the DAF.  Connect the 
Nikuni bleed off line to the bullet.

World Water Works, Inc. Confidential 13
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1. Two Nikuni pumps are provided on a skid.  o u pu ps a e p o ded o a s d
This skid should be secrely fastened to 
the surface to prevent vibration.

2. The 8” effluent recirculation flange is 
located on the underside of the effluent 
chamber of the DAF unit.

3. Check the flanges to make sure they are 
secured; the pump will be operating at 
~80 psi.

4. Connect the 6” stainless steel pipe to the 
discharge header of the Nikuni pumps.g p p

5. Connect the other side of the 6” stainless 
steel pipe to the bullet.  

World Water Works, Inc. Confidential 14

31

31



In
c.

 A
ll 

rig
ht

s 
re

se
rv

ed
.

00
6,

 W
or

ld
 W

at
er

 W
or

ks
, 

Install Walkway

C
op

yr
ig

ht
 2

0

Install walkway brackets and other 
supports prior to installation of the 
walkway and access ladder
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     B. DAF INSTALLATION & START-UP INSTRUCTIONS  
 
4. START-UP OPERATION 
 
A worksheet has been provided with a general initial start-up check list.  This list includes the following: 
 

• Test all motors for proper rotation   
• Check that all influent and effluent valves are fully open 
• Assure that the adjustable weir pipes on the DAF effluent are at a low level.  Once water is flowing 

through the DAF unit, the weir pipes can be adjusted for proper levels.  See the weir pipe adjustment 
portion of this manual 

• Test all the control logic to assure proper operation 
• Open the air supply to the main pressure regulator on the junction panel.  The pressure should be 

regulated to 80 psi. 
 

After water begins flowing through the unit at the desired flow rate, the Nikuni pump should be started.   
 
Upon initial start up of the Nikuni, the following procedure should be used: 
 

1. Open supply valve on DAF unit 
2. Open gate valve on Nikuni suction line 
3. Open any isolation valves on the discharge of the pump. 
4. Fully open the knife gate valves at the whitewater injection points  
5. Fully open the whitewater bypass valve.  (This valve is located on the top of the vertical distribution 

pipe that allows the water to flow back to the effluent part of the DAF) 
6. Fully close the air roto-meter adjustment knob. 
7. Start the Nikuni Pump (after checking rotation), by placing the unit in Auto on the HMI.   
8. Close the bypass valve to where there is only a small stream of water going into the DAF effluent 
9. Throttle Injection valves proportionally to achieve an operating point of 60-70 psi on the discharge 

pressure gauges located at the discharge of the pump.  DO NOT SHUT VALVE, if pressure buildup 
does not occur – PUMP IS NOT FULLY PRIMED. 

10. Adjust (if necessary) the suction gate valve. This is done to achieve a vacuum (approximately 
2-7” Hg, not to exceed 15” Hg) in the suction pipeline viewed on the suction vacuum gauges.  
Closing the suction gate valve may be required to generate the proper vacuum. 

11. Open the roto-meter adjustment knob.  Allow the internal float to reach 3.1 SCFM.  
 
Now the DAF unit is flowing and operational. 
 
The supply chemicals (polymer) can be started.   
 
The top skimmer assembly should be placed in Auto.  The on and off times will be adjusted as 
necessary.   
 
Each of the bottom cones should be placed in Auto.  The on and off times will be adjusted as 
necessary. 
 
The solids removal pump(s) should be placed into Auto.  This will allow the pumps to operate when 
the skimmer or the cones are opened.   
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STARTUP CHECKLIST 
 
PRIOR TO START-UP 
 
Nikuni Pump(s):   

 Proper Wiring (Voltage) 
 Rotation (Counter Clockwise from Motor End) 
 Suction Valve and Discharge Valves fully opened 
 Air Flow Meters Installed Properly 

 
Notes: 
 
 

 
Top Solids Removal: 

 Proper Wiring (Voltage) 
 Rotation of Skimmer 
 Solids Discharge Automatic Valves Operational (if applicable) 
 Solids Removal Pump Operational 

 
Notes: 
 
 

 
Bottom Solids Removal: 

 Solids Discharge Automatic Valve(s) Operational 
 Solids Removal Pump Operational 
 Removal of Foreign Debris in Unit 
 Open Bottom Cone Manual Valve(s) 

 
Notes: 
 
 

 
Other Areas: 

 Weir(s) in Lowest Position 
 Influent/Effluent Valves Open 

 
Notes: 
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DURING INITIAL FILL-UP 
 Note Any Leaks 

 
Locations: 
 

 
 Adjust for Proper Flow Rate 
 Adjust Influent Valves(s) for Proper Distribution 
 Adjust Weirs for Operation Level after Nikuni is running 

 
Notes: 
 
 

 
 
INITIAL OPERATIONS / ADJUSTMENTS 
 

 Start Aeration Pumps 
 Adjust Aeration Pumps for Proper Operation 
 Monitor and Regulate Influent Flow 
 Fine Tune Weir Adjustments 
 Properly Adjust Chemistry 
 Determine Average Top Skimmer Speed 
 Set Timers on Top Skimmer 
 Test ALL Alarms and Fail Safes 
 Check Operational Logic 
 Monitor Bottom Solids Removal 
 Adjust or Set any Automatic Timers for Solids Removal 
 Experiment with Chemical Injection Points for Optimum Blending 

 
Notes: 
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     B. DAF INSTALLATION & START-UP INSTRUCTIONS  
 
5. NORMAL OPERATION 
 
While the DAF system is in normal operation, each of the components will start and stop as necessary with 
the influent feed water as long as they are in the Auto mode on the HMI.   
 
The amount of solids collecting on the DAF unit should be monitored.  The solids blanket should not 
exceed ~ 6”-8” on any part of the top surface area.  For optimum operation, a small solids blanket of 1-2” 
should always be maintained.  If the solids blanket is too thick or is non-existent, adjust the run times of the 
skimmer assembly.   
 
Periodically check the following: 
 

• Solids Blanket 
• Nikuni pressure, vacuum and air flow settings 
• Check for proper operation of the feed chemicals 
• Check for proper dosage of the feed chemicals 

  
WWW recommends the operator to develop a system check list to fill out every couple of hours to help 
develop a history of the entire waste treatment system.  This will help the operators troubleshoot treatment 
issues in the future.  A sample has been provided in the next page. 
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     B. DAF INSTALLATION & START-UP INSTRUCTIONS  
 
6. SHUT DOWN PROCEDURE 
 
Normal shutdown of the DAF system will automatically occur (for all components in the Auto Mode on the 
HMI) if the systems shows that no flow is being sent to the waste treatment system.   
 
Upon this automatic shutdown, the top skimmer will activate for the “On” time as shown on the HMI. This 
will help prevent the solids build up on the DAF unit.   
 
For long term shutdowns, more than a couple of days, WWW recommends putting on the components in 
the Off positions on the HMI and draining the system.   
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 6. DISSOLVED AIR FLOTATION (DAF) SYSTEM  
 
      C.  OPERATION LOGIC  
 
a. Control Narrative 
 
The design will both utilize a WWW RSP-6L DAF Unit to treat the facility effluent by removing 
90%+ of the Total Suspended Solids (TSS); Fats, Oils and Greases (FOGs) and 80%+ of the 
Insoluble Organic Loading. The proposed designs include the DAF, Controls and Chemical 
Feed Systems necessary to achieve the specified goals. The design assumes that 
prescreening, flow equalization, all transfer/feed systems and monitoring/control already exist or 
will be provided by others.  
 
The WWW DAF will be capable of treating the flow and loads as they currently exist at the 
Millsboro facility, the unit will require the operation of two (2) Nikuni Dissolve Air Pumps in order 
to provide the proper A:S ratio. 
 
b. System Control 
 
Two feed pumps will be installed in the Feed Forward pump house.  These pumps will move 
water from the current FEB (Flow Equalization Basin) to the new WWW RSP-6L DAF.  These 
pumps will be controlled by an existing control panel.    
 
The speed of the pumps will be determined manually by an operator.  
 
While the pump is running, a signal will be provided to start the polymer feed pumps for the 3 
existing polymers and the Nikuni Pumps by the Flow Meter.  If the flow to the DAF unit is greater 
than 50 gpm, the system will operate in Automatic.   
 
A Selection will be provided for the operator to enter a “Sanitation Mode” start time and end 
time. During this time duration, the chemical pumps will be de-activated.    
 
The operator will be able to input a desired chemical ratio, in parts per million (PPM).  This 
setting will look at the current flow rate and maximum feed pump settings and send the desired 
speed signal to the VFD.  If changes in the flow rate or set points occur, the PLC will 
compensate the pump signal.  
 
The DAF effluent will gravity feed to the existing lagoon system. 
 
c. Dissolved Air (Nikuni Pump) System 
 
The Dissolved Air Pump(s) must be operated in a manner to assure protection of the following:  
• Dry Operation  
• High Pressure  
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In order to achieve that, the following logic will be applied.  
 

1)  The Nikuni pumps will not turn on until the DAF is full of water and discharging water.  A 
level sensor is located in the DAF effluent, if this level is not made, the pumps will not 
operate.  

 
2) If the pumps are operational, the 4-20mA Pressure Transmitter will be monitored for 

pressure.  
a.  If the pressure is less than 20 psi for more than 60 seconds, the pumps will be shut-

down with an alarm, assuming lack of water flow.  The operator will be required to hit a 
reset (or acknowledgement) before allowing the pumps to come back  

 
b. If the pressure exceeds 100 psi for more than 1 second, the pumps will be turned off 

immediately with an alarm, assuming potentially dead-heading of the pumps.   
 

3) If there is a motor failure, the corresponding pump will be shut-down and an alarm sent.    
 
4) The state of the motors and the discharge pressure (read from the pressure transmitter)  

will be displayed on the HMI screen.  
 
With the WWW DAF unit running, two Nikuni pumps will be in operation, if these pumps are in 
the Automatic mode on the HMI, the pumps will start and stop with the influent meter reading of 
greater than 50 gpm.  
 
d. Top Sludge Removal System (Chain & Flight) 
 
The Chain and Flight system is controlled through a VFD and a 5 HP gear motor.  This system 
will provide removal of the Top Sludge in the system.  The following logic applies to its control. 

 
1) The drive should have an H/O/A switch. 

a. The Hand position will allow the drive to be energized regardless of the state of the DAF. 
b. The Off position is obviously Off. 
c. The Auto position will allow the drive to be energized anytime any of the Nikuni pump’s 

are energized. 
 
2) The VFD should be adjustable at the drive. 
 
3) There should also be a timer installed in the panel.  This should allow the operator to have 

the motor be energized between 1 and 10 minutes and off for 0 and 10 minute intervals.  
The zero off mode would allow the motor to be energized the entire time. 

 
4) A motor failure or VFD failure should provide an alarm to the operator. 
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5) Whenever the chain and flight gear motor is energized, the top sludge solenoid valve 
sludge pump should be energized.  The sludge pump will be controlled on a VFD based 
upon the level in the top sludge cone.  There is a 4-20mA level control to monitor level. 

 
6) The top sludge cone should be completely evacuated after the chain and flight gear motor 

is de-energized. 
 

When the feed flow is shutdown to the DAF and the chain and flight system is in Auto, it is 
recommended that a short clean cycle occurs.  In other words, upon DAF feed water flow 
shut-off, the chain and flight is energized for two (2) minutes.  This assures that we get the top 
sludge somewhat removed prior to a potential long period of non-operation.  
 
e. Bottom Cone Sludge Removal System (Cone bottom valves) 
 
The RSP-6L DAF contains three (3) bottom cones.  Activating this on a timer basis in 
conjunction with the sludge pump will allow the bottom sediment to automatically be purged 
from the bottom of the DAF.  The control logic follows: 
 

1) The HMI Screen should provide H/O/A function of each valve.   
a. The Hand position will energize the valve to open. 
b. The Off position assures the valve is closed. 
c. The Auto position will energize the valve and the sludge pump based upon a timer 

function.   
 

2) The timer function will be adjustable on the HMI screen and allow an off time for all valves, 
individual open times, and time intervals between valves.  So the cycle will be Off, then 
Valve 1, then Interval Off 1, then Valve 2, then Interval Off 2, then Valve 3, and then return 
to Off. The intervals will have to be determined in the field based upon open and closing 
action of the valves.  However, it will likely be open for between 1-180 seconds and the Off 
time should be programmable between 15 minute increments to 24 hours. 

 
3) During the On time, the sludge pump should be energized. 

 
f. System Drain Function 
 
A system drain function on the HMI will allow the system to be completely purged.  The Nikuni 
pumps should be off.  The bottom cone valve will be open and the sludge pump will be 
operating at a high speed. 
 
There is no level control in the DAF, thus this drain function is a manual function.  To protect the 
sludge pump from running dry, it is advisable to have some time out after ~20 minutes.  This 
time can be better determined based upon actual drainage times experienced at startup. 
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g. Solids Storage Tanks 
 
One Solids Storage tank will be provided by others.  Ultra Sonic level control devices will be 
installed to monitor the level.    
 
Once the tank has reached the full level, a Rotary Lobe style pump will be installed to load the 
solids into the transportation truck.  The pump will have a H/O switch on the HMI.  A manual 
setpoint on the HMI will determine the speed of the pump.    
 
A HHL float switch will be installed in the tank to provide a backup Alarm.    
 
h. Polymer Make-down and Day tanks 
 
The Polymer Feed system will be provided by others.  WWW will have the following installed in 
the control panel:  
 
1) FVNR Motor Starter for Polymer-1 Tank Mixer  
2) FVNR Motor Starter for Polymer-2 Tank Mixer  
3) FVNR Motor Starter for Chemical-3 Tank Mixer  
4) VFDs for Coagulant Feed pumps to process flow, Chemical 1A & 1B.  
5) VFDs for Polymer Feed pump-1 to process flow, Polymer 1A & 1B  
6) VFDs for Polymer Feed pump-2 to process flow, Polymer 2A & 2B  
 
The control narrative and actual pumps, mixer and feed equipment will be supplied by others.   
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 6. DISSOLVED AIR FLOTATION (DAF) SYSTEM  
 
     D. OPERATION  
 
a. Operation overview 
 
The WWW/Resource RSP-6L is designed to remove the suspended solids from the waste 
water stream after the tissue making process.  As the water enters the system, a small 
amount of polymer may be added to help gather the small suspended matter to enhance 
the performance of the DAF unit.  There are multiple potential polymer injections points, the 
optimum point will be determined by the chemical provider and WWW at the time of start 
up.  At this point, a stream of whitewater (aerated water) will be introduced to the waste 
stream as it enters the DAF unit.   
 
The whitewater is produced by taking a portion of the effluent (clean) water from the DAF 
unit and pumping it with the Nikuni Pump.  The Nikuni pump will be regulated at the suction 
side to create a vacuum of 5-7 inHg.  By creating this vacuum, the pump will draw 
atmospheric air into the special injector on the pump’s casing.  This air is regulated by an 
air flow roto-meter.  The Nikuni pump will shear and mix this air with the re-circulated water.  
The pump’s discharge will then be restricted to create a pressure of approximately 60-70 
psi.  This will force the fine air bubbles to dissolve into the water.  Two injection points have 
been provided to inject the whitewater into the waste stream.  At each of these points, a 
gate valve is installed to regulate this discharge pressure.  At the point of injection, the 
dissolved air will come out of solution to create the very fine bubbles known as whitewater.  
The optimum air distribution between the two injection points will be determined at start up 
and may require minor adjustments during the first few weeks of DAF operation. 
 
As the combined waste stream and whitewater enter the DAF unit, the fine bubbles will 
attached to the suspended solids and float them to the top of the cell.  A chain and flight 
system, controlled by a timer, will push the collected solids into a hopper located on the end 
of the DAF system.  From there, the solids will be pumped with a progressive cavity pump 
to the solids holding tank(s).  The separated water will travel through the DAF’s internal 
lateral pipes, up the discharge weirs to the final effluent cell.  Here the water will gravity 
feed out of the system. 
 
Most DAF operational modifications are made via the PLC control panel provided with the 
DAF system while some adjustments are made manually, however, those adjustments that 
are required to be made manually should not have to be altered once the system is started 
up and operating at optimum efficiency. Examples of PLC controlled operational set points 
are rake speed, rake frequency, bottom cone blow down and chemical feed rates. All PLC 
controlled set points may be modified from time to time in order to optimize the operation of 
the DAF in relation to DAF float percent total solids (%) and polymer usage. Examples of 
manual adjustments are Nikuni discharge pressure, dissolved air distribution in the DAF 
floc tubes and polymer addition points. 
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Keys to Optimum DAF Efficiency:  
 
1) Consistent Flow: The more consistent the flow to the DAF is the more efficient it will be 
as a result of better chemical feed control and being able to achieve equilibrium with sludge 
removal versus solids in to the unit. Consistent flow also helps minimize turbulence in the 
DAF that can be a result of constantly changing flows.  
 
2) Rake Speed/Frequency Optimization: Rake speed can affect both DAF float thickness 
and effluent quality. The rake speed should be set so that a thin layer of sludge (3”-6”; 6” 
near the beach end of the DAF) is always present on the surface of the DAF. This sludge 
layer helps in the removal of solids as flow enters the DAF. The rakes should also be adjust 
so that they allow for maximum thickening of the DAF float; generally, the slower the rake 
speed and frequency-the thicker the float; the faster the rake speed and frequency-the 
thinner the float. Rake speeds should also be optimized to minimize any turbulence that 
could be caused while the rake is operating that may result in higher than usual effluent 
TSS. It should also be noted that if the DAF float is allowed to get to thick, it will most likely 
result in higher than normal effluent TSS as solids start to “peal” off the bottom of the 
sludge blanket and get pulled out with the effluent water.  
 
3) Polymer Injection Points: Polymer addition points play a key role in the efficiency of the 
polymer being used. Tips to minimizing polymer usage while maximizing its efficiency is to 
know where and how much to add at each point. Polymers are generally more efficient 
when fed at multiple feed points along the floc tub, this does not mean increased poly 
usage, just divide the suggested usage up among 2-3 points. Also, polymers that produce 
easy to shear floc should be added as close as possible to the DAF influent point (end of 
floc tubs).  
 
4) Process Control Sampling: It is always important to complete basic process control 
sampling of the influent and effluent of the DAF. Basic tests are: TSS, COD, FOG, pH and 
Flow (additional parameters may be suggested depending on the situation). These tests 
will allow you to further optimize your system and recognize potential problems much 
further in advance.  
 
5) Optimizing Dissolved Air Injection: There are two locations at which Dissolved Air can be 
injected into the DAF influent via the floc tubes. The amount of air being injected should be 
adjusted to a ratio that works best for your particular influent and polymers being fed to the 
DAF. WWW will optimize this at the initial system start up, however, adjustments may be 
required to be made for optimization as the system operates and as influent parameters or 
chemicals being used are changed.  
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 6. DISSOLVED AIR FLOTATION (DAF) SYSTEM  
 
     D. OPERATION  
 
b. Weir Pipe Adjustment 
 
TOP SLUDGE CHARACTER  
The adjustable weir pipe provides control of the water level in the separation portion of the 
www/RESOURCE DAF system. By adjusting the water level within the separation zone, the 
solids content of the top sludge may be controlled. For instance, the weir pipes can be 
adjusted down for a dryer top sludge or up for a higher water containing top sludge.  
 
PROGRESSIVE WATER EXTRACTION  
The www/Resource DAF unit incorporates a proprietary Progressive Water Extraction 
(PWE) theory of design. This design increases the separation time for the finer solids 
maximizing liquid/solids separation performance. The process is controlled through 
adjustment of the individual weir pipes. The weir pipes can be set at individual levels to 
extract the water from the desired area of the system. The more water that is removed from 
the weir pipe nearest the influent wall of the DAF, the more time the remaining water has to 
separate. Stokes Law and Brownian motion dictate that finer concentrated particles require 
more detention time. Thus, removing clean water from the system effectively provides more 
time for the remaining water slurry to separate. This theory can be demonstrated by 
performing a jar test of the wastewater  
as described in this manual. Each process plant will generate wastewater with different 
characteristics. Thus, the individual control of each weir pipe is critical. These are typically 
set during start-up and rarely changed. 
 
ADJUSTMENT  
To adjust the weir pipes on the W.W.W. Resource DAF 
unit, use a wrench or socket to turn the Acme 
Threaded Rod. Turning the rod clockwise will raise the 
weir pipe. Do not set the water level too low that the 
flight on the skimmer assembly does not remove any 
solids while functioning. On the average, the water 
level should be maintained near the center level of the 
flight.  
 
THE WEIR PIPES SHOULD ONLY BE ADJUSTED 
WHILE THE UNIT IS OPERATING AT DESIRED 
FLOW AND THE AERATION PUMP IS RUNNING.  
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 6. DISSOLVED AIR FLOTATION (DAF) SYSTEM  
 
     D. OPERATION  
 
c. Chemical Testing & Dosing Calculations 
 
OVERVIEW:  
Several chemicals may be used in conjunction with the www/RESOURCE DAF to increase 
the size of the solids which are to be separated from the liquid. The first product is a 
coagulant. The second product is a flocculant. There are two typical schemes: 1) A 
coagulant followed by a flocculant, or 2) a flocculant only. These products can be described 
as liquid magnets, pulling the solids together into larger particles. Coagulants are typically 
pH sensitive. This section of the manual describes how to determine the proper dosages of 
these products through bench testing and then translating these numbers to the full-scale 
operation. For the purpose of this discussion, it will be assumed that a coagulant and a 
flocculant will both be used. If the current application requires a flocculant only, the 
coagulant sections can be ignored. It will also be assumed that the chemical provider has 
already selected the proper product(s) to be used for this application.  
 
BENCH-TESTING: 
The following procedure describes the step-by-step process necessary to determine the 
chemical requirements of the wastewater.  
 
Lab Equipment Required  

• Eight (8) 500 or 1,000 ml beakers  
• Small samples of both coagulant and flocculant (polymer) (~50-100 ml of each) 
• Syringes (ideally - 1, 3, and 10 ml (cc)) 
• Lab pH meter · pH Buffer 
• Caustic and/or Acid solution  
• Safety Glasses  
• Rubber gloves  
• 5 gallon bucket  
• Paper-towels  
• Masking Tape and Marker (Optional)  
• Gangster (optional)  
• Stir Bar (optional)  

 
SAFETY NOTE: 
All MSDS’s should be thoroughly read and understood before conducting the following 
tests. All OSHA and other safety codes should be followed during this testing. Never add 
water to acid! Coagulants and flocculants are typically non-toxic and do not present major 
hazards, however, these chemicals should not be swallowed and eye protection should be 
used. Use caution and care during this testing.  
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SOLUTION PREPARATION:  

1. Fill (2) beakers with 500 ml of freshwater. 
 
2. Add 25 ml of the Coag sample to one of the beakers of water and label this beaker as 

5% Coag Solution with the masking tape and marker.  
 
3. Mix this solution with the syringe or a stir bar until completely dissolved.  
 
4. Add 2.5 ml of the Floc sample to the other beaker of water and label this beaker as 

0.5% Floc Solution with the masking tape and marker.  
 
5. The Floc solution should be mixed very thoroughly as the sample is injected into the 

beaker to assure uniform dispersion of the emulsion flocculant.  
 

Note: if a dry flocculant is used, please check with the chemical supplier, but 
typically 1 teaspoon can be used of the dry product to achieve the desired solution 
in the above example.  

 
SAMPLE PREPARATION:  

1. Fill a 5 gallon pail halfway full with an explanatory sample of the process or 
wastewater to be tested. Ideally, this sample should be taken after any pre-screen 
equipment, but before injection of the coagulant or flocculant.  

 
2. Check the pH of the wastewater.  
 
3. Adjust the pH of the wastewater to the desired level (if necessary).  

a. Check with the chemical provider or World Water Works to know what the 
desired pH level is for this wastewater stream.  

b. Adjustment is made by adding caustic to increase the pH or acid to decrease the 
pH of the wastewater. Be careful to mix the wastewater thoroughly during this 
adjustment.  If the desired, pH level is overshot. A new sample should be 
obtained and readjusted.  

 
COAGULATION:  

1. Fill four (4) beakers with 500 ml of the pH adjusted process or wastewater sample.  
 
2. Set Beakers in Gangster.  
 
3. Turn Gangster on in rapid mix phase, so that the water to be treated is blending 

rapidly in each beaker.  
 
4. Add 0.5 ml of the Coagulant Solution to the first beaker.  
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5. Add 1 ml of the Coagulant Solution to the second beaker.  
 
6. Add 2 ml of the Coagulant Solution to the third beaker.  
 
7. Add 3 ml of the Coagulant Solution to the fourth beaker.  
 
8. Let the beakers mix thoroughly for a minute or two.  
 
9. Turn the mixer off and observe the samples.  
 
10. A pin-floc should form in one or more of these samples.  
 
11. Make a note of which one or two samples appear to have generated the best pin-

floc formation. A pin-floc looks like many very small particles (close to the size of a 
pencil point) in the water with some clarity to the water around the particles 
particularly if viewed at the very edge of the water sample against light. (If a pin-floc 
does not appear, repeat tests at different dosage rates.)  

 
12. Proceed to the Flocculation step.  

 
FLOCCULATION:  

1. Turn the Gangster to a slow mix phase, to provide gentle mixing of the water being 
treated.  

 
2. Add 1 ml of the Flocculant Solution to each of the beakers.  
 
3. Let mix for 30 seconds.  
 
4. Observe large flocculant formation. A floc formation appears to be many bigger 

particles (1/4 – 1/2 the size of a marble).  Note the best jar and note if this correlates 
with the noted best coagulant dosage.  

 
5. Add an additional 1 ml of the flocculant solution to each of the beakers.  
 
6. Let mix for 30 seconds.  
 
7. Repeat observations.  
 
8. Repeat addition of flocculant solution while observing best results, until no 

improvement is observed.  
 

VERIFY COAGULATION & FLOCCULATION:  
1. Cleanout the 4 beakers and refill the samples with 500 ml of the process or 

wastewater to be treated.  
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2. Retest the process or wastewater using coagulant dosages that more closely match 

the optimum dosage observed above. For example, if the best coagulant dosage 
seemed to be 2 ml of coag solution.  Develop the test using 1, 1.5, 2, and 2.5 ml 
dosages of the coagulant solution.  

 
3. Then, retest the addition of the flocculant at dosages very close to the observed best 

above. Record the best dosage level.  
 
FULL SCALE CALCULATIONS:  

The following calculations allow application of the bench scale results to full-scale 
operation.  

 
Determine PPM:  
 PPM = Parts Per Million  
 Coagulant Conversion  

PPM(Coag) = (optimum ml of solution used) * (% solution) * 1,000,000 / (ml of 
solution treated)  
PPM(Coag) = (X) * (0.05) * 1,000,000 / 500  
PPM(Coag) = (X) * 100  

Flocculant Conversion  
PPM(Floc) = (optimum ml of solution used) * (% solution) * 1,000,000 / (ml of 
solution treated)  
PPM(Floc) = (X) * (0.005) * 1,000,000 / 500  
PPM(Floc) = (X) * 10  

 
Determine Pump Settings  

Coagulant Pump Setting  
Coag(%Speed) = (PPM(Coag)) * (Max. Coag. Pump Flow (GPM)) * (% Stroke) / 
(DAF Flowrate (GPM))  

Flocculant Pump Setting  
Floc(%Speed) =  (PPM(Floc)) * (Max. Floc. Pump Flow (GPM)) * (% Stroke) / 
(DAF Flowrate (GPM))  

 
 The % stroke and the % speed of these feed pumps should be set so that the % 

speed is set higher than the % stroke. The settings can be fine tuned on the full-
scale to optimize performance.  

 
 Note: Be careful that the units used in these calculations match those noted in the 

calculations.  
 

SYSTEM MONITORING REPORT: 
See next page. 
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SYSTEM MONITORING REPORT

INFLUENT EFFLUENT 

PH STROKE SPEED STROKE SPEED PH VACUUM DISCHARGE AIR FLOW 

1:00 AM 

2:00 AM 

3:00 AM 

4:00 AM 

5:00 AM 

6:00 AM 

7:00 AM 

8:00 AM 

9:00 AM 

10:00 AM 

11:00 AM 

12:00 PM 

1:00 PM 

2:00 PM 

3:00 PM 

4:00 PM 

5:00 PM 

6:00 PM 

7:00 PM 

8:00 PM 

9:00 PM 

10:00 PM 

11:00 PM 

12:00 AM 

TIME 
COAG SETTING FLOC SETTING 

FLOW RATE 
OPERATOR 

INTITIALS 

DAU SETTINGS 

3
3
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 6. DISSOLVED AIR FLOTATION (DAF) SYSTEM  
 
   E. MAINTENANCE  
 
a. Maintenance overview 
 
Routine maintenance should be performed on the DAF System: 
 
FIRST 50 HOURS 

• Check Nikuni Pump for proper operation  
• Check Nikuni Pump for proper alignment 
• Check all piping for leaks.   
• Check top skimmer assembly for proper chain tension 

 
MONTHLY 

• Drain and clean DAF unit (Monthly or as needed) 
• Check top skimmer assembly for proper chain tension 

 
EVERY QUARTER 

• Lubricate take-up frame bearings and 4 bolt flange bearing on top skimmer assembly  
• Inspect UHMW wear blocks on skimmer assembly 
• Check Nikuni Pump for proper alignment 

 
The www/RESOURCE system is designed for durability and long-life. However, following some 
basic maintenance procedures will maximize the life of the vessel and the components. It is always 
recommended to maintain a clean and safe environment.  
 
ATMOSPHERIC PRECAUTIONS  
This www/RESOURCE is extremely durable and can perform well in many environments. However, 
it is recommended that the system be protected from freezing as water in pipes and other areas may 
expand and cause damage. The temperature of the water feeding the system should not exceed 
170*F. Avoid direct sunlight exposure as this can have a long term negative impact.   
 
LUBRICATION  
The www/RESOURCE has various moving parts which should be greased once per quarter for 
optimum results. The list of these parts is as follows: (4) bearings for the top sludge rake, (1) drive 
motor for the top sludge rake, (1 or more) motor(s) for the DAU dissolved air system.  
 
CHAIN TIGHTENING  
The top sludge rake poly chain will stretch over time. There are adjustable bearings that should be 
tightened to prevent slack in the chain. Slack can be best witnessed as the rake passes between the 
sprocket and the support shelf. If a dip occurs, the chain requires tightening. If the bearing has no 
additional room to tighten, then the system should be shutdown and a link from each side should be 
removed from the chain.  
CLEANING 
 
Compressed Air Supply  
The www/RESOURCE uses compressed air to operate certain valves and in some cases an air 
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diaphragm pump. The air supply should be filtered from debris and excess water. This filter should 
be cleaned periodically in order not to hinder solenoid valves.  
 
Atmospheric Air Lines  
The www/RESOURCE venturi’s atmospheric air through an air flowmeter(s) into the DAF Dissolved 
Air Pumps. Periodically the tubing and the air flow meter should be checked to assure that  debris 
has not restricted to flow of air.  In some cases it may be easier to replace the tubing rather than 
clean it, when fouling occurs.  
 
Outside of System  
The outside of the system can be washed down with water periodically to prevent debris buildup etc.  
All electrical enclosures are Nema 4.  However, it is still wise to be cognizant of junction boxes and 
control panels when washing down.    
A dilute solution of toluene can be rubbed on the Poly systems to provide a shine and remove 
persistent stains.  A dry cloth should be used to dry the system after solution is applied.  This 
technique should not be performed more than once a year.  (Please read all safety precautions on 
toluene container before using the product.)  
 
Inside of System  
The system should be drained and washed down periodically.  The frequency of cleaning will 
depend upon many variables, including but not limited to: type of operation, type of chemistry, care 
in operation, swings in loadings, hours of operation/day, etc.  The system should be cleaned a 
minimum of once per year.  Performance of the system will dictate if more frequent wash downs are 
necessary.  
 
ANCILLARY EQUIPMENT  
 
pH Equipment 
If pH equipment is used in the scope of this system, the pH probe should be cleaned with a dilute 
solution of sulfuric acid on a quarterly or as needed basis.  Do not use brushes or rags to clean the 
probe as they can damage the probe itself.  The probe should be calibrated after cleaning.  A 
calibration procedure should be followed according the pH equipment manual.  Store pH buffer 
solutions in a refrigerator or other cold environment to preserve them for future use.  
 
Coagulation and Flocculent Pumps 
Periodically check chemical feed pumps for proper prime and function.  A mineral spirit solution can 
be recirculated through the flocculent make-down system periodically to clean and maintain the 
system.  Chemicals should be periodically stirred or mixed to prevent natural separation.  
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 6. DISSOLVED AIR FLOTATION (DAF) SYSTEM  
 
     E. MAINTENANCE  
 
b. Resource Chain Tension and Removal Procedure 
 
CHAIN TENSION:  
 
The tension on the top sludge collection skimmer 
should be periodically checked for proper tension. 
The chain should hold tension as it comes from 
the head sprocket to the return rail as pictured. As 
the chain loosens it will sag at this point. The 
chain should be tightened when the slack is 
present.  
 
To tighten the chain, use an adjustable wrench to 
turn the adjustment screw on the take-up bearing. 
As the bearing and shaft moves to the rear of the system, the chain will tighten. Periodically 
check the tension, and adjust until the chain slack in removed. Repeat on the opposite side.  
 
If the tension is not removed at the full range of the take-up, a link may need to be 
removed. See Link Removal procedure. 

 
REMOVING CHAIN FROM SYSTEM:  
 
Safety first! Before removing the chain from the www system, follow all lock out / tag out 
procedures in the plant. World water works has provided a local disconnect for the rake 
drive. Make sure the disconnect is in the off position. Safety first! Before removing the chain 
from the www system,  
 
To remove the chain from the WWW system, first loosen the take-up frame to take all 
tension from the chain. Using a 4" gear puller, remove the link attachment pin. The pin is 
designed to be removed in only one direction. The picture below indicates the rough end of 
the pin in link, the pin must be removed with this end out first. 
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 Removal direction  
 
 
 
 
 
 
 
 
To install the chain in the WWW 

system, Align the attachment pin with the chain link. Use a 4" C clamp and press the pin 
into the chain. Once the chain is attached, retighten the chain with the take-up bearings to 
the proper tension. 

 
 
 
To remove a link from the chain, the same procedure can be used as  the Chain Removal. 
If more than one link is being removed or attachment links are added, it may be more 
convenient to do on the work bench.  
 
On the work bench, a hammer and a 5/16" punch can be used to remove the chain links. 
First a piece of wood must be used to back up the chain while driving out the pin. The block 
of wood should be drilled with a 1" whole.  
 
After checking the pin direction, place the chain over the wood block and align the pin with 
the 1" hole. Then drive the pin out by tapping on the 5/16" punch. 
To re-install the attachment pin, reverse the removal process; again make sure the course 
end of the pin goes in last. 
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The skimmer flights are attached with a K2 attachment link to the chain.  
The diagram below shows the complete attachment assembly.  
When replacing the UHMW wear block, always use a nylon insert lock nut. Tighten wear 
block to the attachment until the unit is snug. DO NOT OVER TIGHTEN.  
 
FLIGHT ATTACHMENT 
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 6. DISSOLVED AIR FLOTATION (DAF) SYSTEM  
 
     E. MAINTENANCE  
 
c. Troubleshooting  
 
NIKUNI AIR SYSTEM  
PROBLEM  POSSIBLE CAUSE  SOLUTION  
Nikuni pump fail alarm  Low pressure  Check influent valve, make sure pump is 

getting enough flow volume and pump is 
primed properly.  

  Verify pressure transmitter is reading the 
same as the pressure gauge, if not check 
transmitter connections, replace transmitter if 
necessary.  

  Carefully throttle discharge (white water 
injection) valves closed while pump is in 
operation to increase discharge pressure.  

  Check mechanical seal, may require 
replacement  

 High pressure  Verify pressure transmitter is reading the 
same as the pressure gauge, if not check 
transmitter connections, replace transmitter if 
necessary.  

  Throttle discharge (white water injection) 
valves open  

 PS-2 failure  Replace pressure transmitter  
 Motor overload  Reset overload heater in panel. Check 

wiring. Monitor motor temperature during 
operation. Check amp draw of pump during 
operation.  

Insufficient dissolved air  Insufficient air supply  Check roto meter, clean if necessary  

Insufficient vacuum  Adjust suction gate valve to achieve 5-10 
inch Hg  

Insufficient discharge 
pressure  

Verify pressure gauge is reading the same 
as the pressure transmitter, if not check 
gauge for fouling and check transmitter 
connections, replace either if necessary. 
Adjust injection valves to 60-80 psi 

Solenoid failure  Check solenoid at suction side of pump for 
its action. This is a delayed on when the 
pump is turned on.  
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SLUDGE REMOVAL 
PROBLEM  POSSIBLE CAUSE  SOLUTION  
Rake motor not running  VFD not functioning 

properly  
Check VFD operation  

 Output speed set too low  Change output speed to greater than 20 Hz  
 Timers not set properly  Check timer settings  
 No power to motor  Make sure disconnect is on  
Rake stalling out  Solids too thick  Adjust weir pipes for wetter solids  
  Increase on time of rakes  
  Lower polymer dosage  
 Flight hung on beach  Tighten chain tension, remove link if 

necessary  
Bottom cone not 
opening  

Timers not set properly  Check timer settings  

 Insufficient air supply  Check compressed air supply (60 psi min)  
 Malfunctioning solenoid  Check solenoid for proper operation, replace 

if necessary  
 Fouled valve  Service automatic valve  
Water level in DAF 
rising  

Increased flow  Check flow rate into DAF unit  
Solids build up in DAF  Clean DAF unit and clean effluent laterals  

 
WATER QUALITY 
PROBLEM  POSSIBLE CAUSE  SOLUTION  
Solids carryover in 
effluent  

Improper chemical 
dosage(s)  

Check chemical supply, check pumps for 
prime  
Check desired chemical dosage with actual 
chemical dosage with a drawdown.  
Jar test, adjust dosage on pumps if needed  

.  pH out of range  Consider testing different chemical injection 
points for more or less mixing to better match 
jar test results  
Check pH, calibrate if needed  

Solids mat too light on DAF Decrease skimmer run times (should be 
about a 6" thick mat in middle of DAF).  

Solids mat too heavy on 
DAF  

Increase skimmer run times (should be about 
a 6" thick mat in middle of DAF).  

Solids build-up in DAF Increase cone purge times  
Shut down unit and clean  

Overload condition  Compare actual loading with design loading  
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DATES
Date of Request May 24, 2012
Date Needed
Anticipated Purchase

Spare Parts for 6L DAF with 3 x 80SP1 Nikuni Pumps 
MOUNTAIRE FARMS

Contact#1 Address
Phone
Email Fax

Contact#2 Address
Phone
Email Fax

WWW Part # Description Qty

70502 5HP Motovario Gear Reducer Motor 1
62010 Chain/Ft 40
62025 Chain Attachment Links 80
Rollers UHMW Rollers 100
Wipers Skimmer Wiper 12
Paddles Skimmer Paddles 12
45013 Bottom Cone Auto Valve 3
45040 Bottom Cone Valve w/Handwheel 3
35073 Bottom cone solenoid valves # NVFS2100-5FZ 3
35017 Solenoid Valve for Nikuni Pumps # VX2240-03N-3D1 3
62012 Rear Sprocket, 9 Teeth 2

Confidential

Call 1-800-607-PURE  with any questions.
05/24/2012

Spare Parts List for Mountaire Project

p ,
62009 Front Sprocket, 12 Teeth 2
62013 Sprocket Idler, 7 Teeth 2
17075 M80SP1 Nikuni Pump Mechanical Seal 2
17188 M80SP1 Impeller 2
17112 M80SP1 Motor Side Bearing 2
17113 M80SP1 Pump Side Bearing 2
17078 M80SP1 Flex Connector, 9JE 2
17075 M80SP1 Nikuni Pump Mechanical Seal 2
40001 M80SP1 Nikuni Air Flow Meter, RMB-55-SSV 2
36010 Nikuni Level Sensor, LP15-1405 1
36103 0-160 psi Pressure Gauges 2
36104 0-30 psi Vacuum Gauges 2
36006 S-11 0-160 psi Pressure Transmitter, 8341155 1

Please call for pricing to the contact below.

Contact : John Schnecker
Phone # 201 803 8807
Fax # (914) 371-4130 
Email: schnecker@worldwaterworks.com

Confidential

Call 1-800-607-PURE  with any questions.
05/24/2012

Spare Parts List for Mountaire Project
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  6. DISSOLVED AIR FLOTATION (DAF) SYSTEM  
 
     F. WARRANTY  
 
a. Warranty overview  
 
World Water Works (WWW) warrants to the original buyer that any equipment manufactured by 
it will be free from defects in material and workmanship, under normal use and service for one 
year from date of installation (unless otherwise stated in the Sales Agreement). World Water 
Works’ obligation under this warranty shall be strictly and exclusively limited to repairing or 
replacing parts and materials, free of charge, F.O.B. Oklahoma City, OK, which in WWW’s 
judgment are defective. WWW assumes no responsibility for reimbursing repair or replacement 
expenses incurred without its prior written authorization. Buyer shall be responsible for all labor 
costs incurred in connection with such repair or replacement at the installation site including 
travel and other expenses of WWW if work is performed by WWW personnel or its designee. 
All costs of removing, packing and shipping defective equipment shall be paid by buyer.  
 
WWW cannot control the environment nor the manner in which this equipment is used; 
therefore, this warranty does not cover corrosion of equipment during use, or deterioration 
caused by conditions of use, or that application of finishes supplied by others is sufficient or 
that finishes applied are suitable for the buyers environment.  
 
WWW makes no other warranties, expressed or implied, with regard to goods or services 
provided by WWW other than those set forth herein. Any implied warranty of fitness for a 
particular purpose other than that stated in the Sale Agreement between WWW and the Buyer 
is hereby disclaimed by WWW.  
 
WWW shall not be liable for any direct or indirect consequential or incidental damages, losses 
or expenses, including, but not limited to, commercial losses, business interruption, or 
damages resulting to property other than that which is the subject of the Sales transaction, nor 
shall WWW be liable for any personal injuries arising in the connection with the sale, resale, 
use or operation of its goods or inability of the buyer to use the goods of WWW for any reason 
whatsoever. Limitations of remedy here stated shall apply to all warranties arising out of the 
sale here subject. It is understood between the parties that the damage to the contents of the 
product, ineffectiveness of that product, or other unintended consequences may result because 
of many factors including the manner or use or application of the product, all of which are 
beyond the control of WWW. All such risks shall be assumed by the buyer.  
 
WWW’s maximum liability shall not, in any case exceed the price of the goods claimed to be 
defective. No promise, representation or affirmation of fact, written or oral, of WWW or its 
agents or employees, other than stated herein, shall constitute a warranty or WWW or give rise 
to any liability or obligation of WWW, unless specifically agreed to in writing by WWW.  
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 6. DISSOLVED AIR FLOTATION (DAF) SYSTEM  
 
     F. WARRANTY  
 
b. Return Goods Policy & Procedure 
 
OBTAINING AN RGA NUMBER  
1. ALL returns require a RETURN GOODS AUTHORIZATION NUMBER (RGA#). The 
return cannot be accepted or properly processed without an approved RGA#. Please call 
customer service at 1-(800) 607-7873 to obtain this number. Be sure to have the following 
information available:  
• The product serial number  
•  The original Purchase Order number  
•  The part number and item description  
•  The reason for return  
 
PACKAGING & SHIPPING  
2. ALL products must be received within 20 days of issuing an RGA #.  
3. The RGA# must be written clearly on all boxes being returned. Noncompliance will result 
in the product being refused and returned to the sender.  
4. ALL returned goods must be cleaned and free of dirt and debris.  
5. ALL returns must be complete including all original warranties, manuals, documentation, 
and packing.  
6. C.O.D. shipments will NOT be accepted. 
 
REPAIR/REPLACEMENT POLICY  
With Allen Bradley and select other components, World Water Works will overnight 
replacement parts immediately when necessary. All replaced items must be returned to 
World Water Works within 10 days. If not received, the customer is responsible for the cost 
of the replacement parts. For malfunctioning parts returned to World Water Works, a 
purchase order must be issued for the repair of the part. Prior to any work being completed, 
the costs of the repair will be documented to the customer. If after inspection, it is 
determined that the part is under warranty, a credit memo will be issued or a replacement 
part will be shipped. The customer is responsible for all shipping costs.  
 
For malfunctioning parts requiring onsite inspection by World Water Works, a purchase 
order must be issued for the daily rate previously provided for a service technician. Prior to 
any work being completed, the costs of any parts required for the repair will be documented 
to the customer. If after inspection, it is determined that the part is under warranty, a credit 
memo will be issued or a replacement part will be shipped. The customer remains 
responsible for costs of the service technician.  
 

60

60



 
 

 
 

6. DISSOLVED AIR FLOTATION (DAF) SYSTEM  
 
    F. WARRANTY  
 
c. Customer Support  
 
World Water Works believes that responsive customer service is as important to customer 
satisfaction as is proficiency of the system design. Thus, we welcome customer calls.  
 
Customer Service Department:  
 
WORLD WATER WORKS, INC. 
CUSTOMER SERVICE DEPARTMENT  
 
4000 SW 113th  
Oklahoma City, OK 73173 
 
Toll Free 1-800-607-PURE (6863)  
Phone 1-405-943-9000  
Email support@worldwaterworks.com  
 
 

61

61



 
 

 
 

6. DISSOLVED AIR FLOTATION (DAF) SYSTEM  
 
      G. DISSOLVED AIR SYSTEM (Nikuni pump) COMPONENTS 
 
a. Nikuni pump (Tag ID: P111 & P112) 

 
Pump Specifications 

Model:     M80SP-1 
Flow rate                ~250 US gpm 

 Liquid/Media:    Water & Air 
 Suction Pressure:   Flooded 
 Discharge Pressure:   60-80 psig  
 Shaft Seal Type:   Mechanical Seal  

Pump Mounting:   Long Coupled 
 Number of Pumps:   Two (2) Operational 

Fitting Dimensions     
Inlet: 3” 150# Flange  
Outlet: 2-1/2” 150# Flange  

  Air Inlet:   3/8” NPT 
 Weight 

Pump:    ~ 289 pounds    
Skid-Valve Package:  ~ 1,153 pounds 

 
Material of Construction 

Body:     SCS 14 Stainless 
 Shaft:     Stainless Steel 
 Impeller:    SUS 316 Stainless Steel 

O-ring:     PTFE 
Seal:     Silica Carbide x Silica Carbide 
 

Motor Specifications 
Motor:     Baldor 
Efficiency:    Standard Efficiency 

 Speed:     1775 rpm 
 Enclosure Type:   TEFC 

Duty:     Chemical Duty Motor 
Skid:     Powder Coated Carbon Steel 
 

Utilities Required 
 Phase/HZ/Volts:   3/60/230/460 V 
 Horsepower:    40 HP 
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 6. DISSOLVED AIR FLOTATION (DAF) SYSTEM  
 
      G. DISSOLVED AIR SYSTEM (Nikuni pump) COMPONENTS 
 
b. Nikuni pump curve  
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PREFACE 
 
The Nikuni Pump is a regenerative turbine pump.  Although the pump can be used for 
many purposes, this manual is designed to provide operational and user information for 
the Nikuni Pump for application as a dissolved air microbubble generating pump.   
 
The Nikuni pump dissolves atmospheric air into water to significantly enhance the 
performance of Dissolved Air Flotation systems.  Enhancements witnessed may include 
improved removal efficiencies, increased throughput, decreased maintenance 
requirements, lower energy consumption, and optimized chemical usage.  The degrees 
of each of these benefits will depend upon the emphasis placed on each and the 
type/condition of the Dissolved Air Flotation (DAF) system. 
 

This manual has been developed to provide the operator with a conceptual 
background of physical and chemical separation mechanisms; a general 
overview of system operational controls and procedures; a list of 
components; and an avenue to responsive customer service. 
 

Qualification and Training of Operating Personnel 
The personnel responsible for operation, maintenance, inspection and assembly must 
be adequately qualified.  Scope of responsibility and supervision of the personnel must 
be exactly defined by the plant operator.  If the staff does not have the necessary 
knowledge, they must be trained and instructed, by qualified personnel.  The plant 
operator is to make sure that the contents of the operating manual are fully understood 
by the personnel. 
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INTRODUCTION 
 
A Dissolved Air Flotation (DAF) Clarification system is used for bulk liquid/solids 
separation.  The goal of a DAF is to remove a majority of the Total Suspended Solids 
(TSS); Fats, Oils and Greases (FOGs) and Insoluble Organics contained in the 
wastewater.  The DAF method involves dissolving air into water under pressure, and 
then releasing the pressure to cause the air to release from the water in very fine 
microbubbles in the water.  The microbubbles or “whitewater” are injected into a 
process or wastewater stream to float suspended solids to the surface of a vessel 
providing liquid/solids separation.   
 
This technology offers many benefits to conventional gravity settling due to its 
efficiency.  It is especially effective treating wastewater with fats, oils, and greases, 
fibers and other low density materials.  This technology has become known as the most 
efficient means of bulk liquid/solids separation in the Pulp & Paper Industry, Food & 
Beverage, Industrial Laundry and many other industries.  Many advances in the 
technology have led to vastly improved performance capabilities.  This has reduced the 
traditional large footprints required of DAF systems, reducing capital costs.  It has also 
reduced the amount of chemistry needed, reducing the operational costs. 
 
One of the key components to achieving efficient flotation is the quality of the dissolved 
air.  The Nikuni pump provides one of the best air dissolving systems on the 
marketplace by providing 20-30 micron bubbles up to 95%+ saturation efficiencies.   
 
The Nikuni pump is a regenerative turbine pump.  The design utilizes three forces to 
generate high pressure in a single stage pump design.  A friction force pushes the liquid 
in the direction of rotation.  A centrifugal force swings the liquid out in the crosswise 
direction of rotation.  An axial force pushes the liquid to both sides of the impeller.  In 
concert, the three forces cause a complex vortex to form which provides the air 
dissolving action and high pressure desired.  The result is a constant, stable, high 
pressure flow in a compact design, with high saturation efficiencies and very fine 
microbubbles (~20-30 micron). 
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SAFETY 
 

PERSONAL PROTECTIVE EQUIPMENT 
REQUIRED SUGGESTED 

Non-Slip Steel Toe Shoes Safety Gloves 
Safety Glasses Hard Hats 

 Hearing Protection 
 
 
To ensure maximum safety, and to gain knowledge of this product, it is important that 
any operator of the Nikuni Pump read and understand the contents of this manual 
before this equipment is operated.  Pay special attention to any caution or warning 
stickers or symbols placed on the equipment. Failure to comply with the instructions can 
result in damage to the system or personal injury. 
 
The precautions mentioned in this manual are not intended to cover all of the warnings 
or hazards that can exist in a plant or on these systems.  Using safety mechanisms 
requires the constant attention of everyone near these machines.  Strong safety 
practices must be used by plant personnel for this system or any other equipment.  
Proper equipment maintenance and use of personal safety devices contribute as much 
towards safety as will any number of mechanical safety devices. 
 
Study this manual thoroughly before attempting to install, operate or maintain these 
systems.  Only competent, well-trained individuals should operate or maintain this 
system. 
 
Explain the operation of this system and its safety devices to a new operator or any one 
attempting to operate this system before allowing them to do so.  Be certain that he or 
she fully understands these systems and corresponding devices and that they are 
qualified to operate this system. 
 
Develop a safety checklist for the devices of this system and perform regular 
maintenance duties to ensure its proper operation.  Example list provided below. 
 
WARNING THIS PUMP IS CAPABLE OF PRODUCING HIGH PRESSURE.  
PRECAUTION SHOULD BE TAKEN ACCORDINGLY  
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OTHER SAFETY TIPS AND SUGGESTIONS 
 

• Safety instructions and decals are located on the equipment. Replace any 
damaged decals. 

• Do not operate unless safety devices or guards are in place and operating 
properly. 

• Follow all LOTO procedures when performing maintenance on Nikuni Pump by 
disconnecting electrical power before servicing any part of the system (more than 
one electrical connection may be involved). 

• Do not operate system without eye protection. 
 

SAFETY CHECKLIST 
Proper House Keeping  
Exposed Wiring or Electrical Connections  
Proper Lighting   
Operation of Safety Showers / Eye Wash  
Proper PPE Available  
Overhead / Bump Hazards  
Proper Equipment Guards in Place  
Damaged or Leaking Piping / Equipment  
All Equipment, Chemicals, and or Pipes Properly Labeled   
MSDS / LOTO Station Available and Up to Date  
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TECHNOLOGY AND DESIGN 
 
The keys to a well performing Dissolved Air system are as follows: 
 

1. Saturation 
With high air/water saturation efficiencies, less energy is required and less 
water is required to recirculate in the system.  Recirculation of water in the 
DAF reduces retention time, thus limiting capacity and/or performance.  
Most systems have 20-50% saturation efficiencies.  The Nikuni system is 
up to 95% efficient.  Thus, instead of an average of 30-50% recycles, 10-
20% recycle rates can be achieved.  This allows more retention of the 
water, thereby allowing more separation time, improving performance. 
 
It is also important to have a consistent flow of air.  In most plants, 
compressed air is inconsistent.  This will result in inconsistent saturation 
and lead to inconsistent performance.  The Nikuni system uses a vacuum 
technique to venturi atmospheric air into the pump.  The result is a 
consistent flow of air and a consistent air to water ratio.  As a secondary 
benefit, the need for compressed air is eliminated.  DO NOT USE 
COMPRESSED AIR WITH THIS PUMP.  The amount of atmospheric 
airflow is dependent upon several variables including water temperature 
and the concentration of soluble materials in the water.  However, the 
range of airflow will be between 5-10% of the water flowrate. 
 

2. Bubble Size 
The size of the microbubble generated is a key to good performance: The 
smaller the bubble - the smaller the particle that can be removed.  If 
smaller particles can be removed, less chemistry is necessary to 
coagulate the products into a larger particle.  Besides the operational cost 
savings, reduced chemical consumption can yield dewatering benefits. 
  
Many systems create 100+ micron bubbles.  The Nikuni system develops 
a 20 micron bubble.  A quick check of the bubble size can be determined 
by a rise rate test.  The rise rate test is conducted by taking a known 
volume sample of the whitewater and monitoring the time it takes for the 
whitewater to fully dissipate.  The saturation efficiencies can be measured 
by the saturation test described later in this manual. 
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3. Piping Design 

The proper piping design of a system has a tremendous impact upon the 
performance of the Dissolved Air System.  The pressure created by the 
system must be maintained right up to the point of injection into the feed 
stream.  The dissolved air mixture must be applied in a low shear 
technique and well dispersed throughout the feed stream.  IT IS VERY 
IMPORTANT THAT ALL PIPING IS DESIGNED TO HANDLE A MINIMUM 
OF 220 PSI. 
 
Many systems dissolve air into the feed stream which contains the 
suspended particulate.  Dissolving air into a clean stream (or the DAF 
effluent) is a far superior process, because particles in the water interfere 
with saturation efficiencies.  The maximum solubility of air into water 
basically depends on the saturation pressure, the water temperature, and 
the water quality.   
 

4. Maintenance 
Obviously, the air dissolving technique must not be maintenance 
intensive.  This is a critical part of the DAF clarification process and must 
be reliable.  Many systems are not reliable.  The Nikuni pump has proven 
to be robust and highly reliable in a wide array of applications. 
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TO MEASURE THE DISSOLVED AIR QUANTITY        
 
 
    Flow diagram 
 
 
 
 
 
 
 
 
 
 
     
 
 
 

Measurement method 
This apparatus describes a method to measure the volume of air dissolved in 1 L 
of pressurized water.  The water pressurized by turbine pump is brought to air 
separation tank where undissolved air is purged outside.  The pressurized water 
is directed to Pressure relief valve (V1) and lead to Air save tank (T1).  When 
pressurized water reaches to Air saving tank (T1), fine bubbles develop and air is 
collected at top of Air saving tank (T1) and water is directed to Water tank (T2). 
 
Water volume (water speed) is controlled by the pressure relief valve (V2) so that 
there is no air coming to the Water tank (T2) from Air tank (T1).  DO value 
(density of dissolved oxygen) in Water tank (T2) is made to be DO = 100% and 
above (super saturation), so that it stabilizes for measurement.  Water 
temperature is recorded. 
Watch scale outside of Water tank (T2) and see 1 L water accumulating in Water 
tank.  Air volume accumulating in Air tank (T1) during the same time is 
measured. This measured air volume is volume of air dissolved in 1 L of water. 
 
Dissolved air volume is measured for each test.  The judgment on test result is 
based on measured air volume for saturated air volume for water temperature 
and pressure, because volume of dissolved air varies depending on water 
temperature. 

Pressurized 
water 

Air gathered 

Water gathered 

Scales on surface 
T1 

valve bubble 

Air separation tank 

Air save tank T1 

Water Tank T2 

V1 

W.tank 

V2 
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INSTALLATION GUIDELINES 
 

1: Process Description 
Water will be abstracted from the outfall of the DAF and gravity feed to the Nikuni 
pump.  A vacuum will be created on the suction side by slightly closing a suction 
side valve (preferably a gate or diaphragm valve).  The discharge will be 
pressurized to 50-70 psi by throttling a discharge valve located as close as 
possible to the injection point back into the DAF feed wastestream.  This design 
maximizes separation efficiency through generating a highly saturated fine micro-
bubble. 
 
2: Unloading Description 
 

   Unpacking check 
   Upon receipt of the pump, please check the following: 
 

A.  Confirm the model number on the nameplate matches the purchase 
order.     
B.  Check and report any damage immediately to WWW.  Please include 
pump model and serial number.   

   C.  Verify by hand the pump shaft turns freely. 
 
The Nikuni pump(s) may be provided on a skid.  The pump 
should be lifted and moved by supporting the skid only.  Do 
not lift from the motor or the pump, this could cause 
damage, stress or misalignment. 

 
 

 
3: Installation Description 
Depending upon the package purchased, the necessary valves, gauges, flow 
meters, etc. will be fully installed on the pump skid; otherwise, the customer must 
supply these items per the supplied drawing.  The skid should be mounted level 
and any influent and effluent piping should be independently supported.  All 
leveling plates must be well set.  The fasteners must be tightened steadily after 
the complete pump unit has been adjusted.   
 
Please review all WWW furnished drawings prior to installation and startup.   
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Pump Suction 
It is recommended that the pump is supplied by gravity feed.  If the design 
requires a positive suction lift, please call World Water Works to review the 
design prior to installation. 
 
The feed line to pump must be equal to or larger than the pump inlet.   
 
A suction gate valve must be installed between 5 and 10Xs the pipe diameter 
from the pump’s inlet.  There shall be no bends in the line between the suction 
gate valve and the pump’s inlet.  

 
A vacuum gauge must be installed between the suction gate valve and the 
pump’s inlet. 
 
Pump Air Inlet 
An air flowmeter(s) should be mounted in a visible and reachable area.  Tubing 
3/8”  – 3/4” should be installed between the discharge side of the air flow meter 
to the supplied injection nozzle on pump.  DO NOT USE COMPRESSED AIR.  
This pump uses atmospheric air only.    
 
Pump Discharge 
There should be a minimum 5X’s the pipe diameter of straight pipe on the 
discharge of the pump. 

 
On the discharge side of the pump, a valve(s) should be installed as close to the 
point(s) of injection into the system as possible.  This will be the pressure control 
valve.  If this location is far from the pump(s), then another pressure gauge 
should be installed between the valve and the pump.  World Water Works 
recommends splitting the header pipe into 2-3 injection points based upon the 
flow rate of the pump. 
 
A whitewater sample valve should be placed inline between the pump discharge 
and pressure throttling valve(s).   
 
The whitewater should never be injected perpendicular to or against the 
wastewater flow.  The injection points should be installed so that the whitewater 
is injected in the same direction as the wastewater flow into the DAF unit.  This 
injection point should also be at a place where the line is full.   
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Pump Electrical 
LOTO procedures should be followed prior to any work being performed.   Prior 
to pump startup, ensure the pump is filled with liquid. NEVER OPERATE THE 
PUMP DRY.  The pump must be connected in accordance with local electrical 
codes. Voltage and frequency must correspond to the winding of the electric 
drive. For details of the respective winding, see the type label.  The motor must 
not be operated without motor protection.  For motors with explosion protection, 
the range of temperature of the motor indicated on the type label must 
correspond to the range of the fuel gas. 
 
Switch on the motor briefly in order to check the direction of rotation. The motor 
must not reach its operational speed. The direction of rotation must 
correspond to the arrow indicating the direction of rotation on top of the pump. If 
the direction of rotation is not correct, perform the relevant modifications at the 
phase-sequence to correct the problem. 
 
Please complete the WWW supplied Nikuni Installation Check List and 
submit to WWW for approval prior to starting up pump! 
 
A: Utility Requirements 
Either 240V or 480 V, 3 Phase must be supplied to the pump at the amperage 
rating noted on the motor. 
 
B: Control Logic 
The Nikuni Pump shall have an (on/off) capability on the central control screen 
and/or at a local disconnect.   
 
The pump should not be operated in a dry mode.  Thus, a pressure 
transmitter should be located on the discharge header which will be monitored for 
low pressure, signaling lack of flow or the pump operation should be tied into a 
level control on the feed tank that will make a contact upon low level.  When this 
occurs an alarm should flash and the DAF Pump shall be deactivated.  If the 
pressure switch technique is used, the program logic should provide a delay 
timer to allow the pumps to build up in pressure when first started (~120 
seconds).  The program will also require the signal from the pressure switch to 
be below the set point for (~60 seconds) before an alarm is initiated.  It is also 
advisable to have a high pressure pump shut-off.  This should occur at a  
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pressure of ~120 psi.  There should be less than a 5 second delay on this shut-
off function.  This will prevent dry operation of the pump. 
 
The pumps should also have motor failure alarms.  If pump is selected, but not 
running, or circuit breaker has tripped, alarm will activate. 
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INITIAL START-UP CHECK LIST 
 
PRIOR TO INTIAL FILL-UP 
 
Aeration Pumps: 
   

 Check Rotation 
 Proper Auto Valves Open / Close 
 Proper Manual Valves Open / Close 
 Air Flow Meters Installed Properly 
 Ensure the pump is fully primed 
 The pump must by no means be operated without liquid. 

 
Notes: 
 
 
 
 
 

There is only a minimal or invisible loss of leakage if the mechanical 
seals function correctly.  Gland packings should drip slightly.   

 
DURING INTIAL FILL-UP 
 

 Note Any Leaks 
Location(s): 
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INSTALLATION WARRANTY VERIFICATION 
 
 Customer         
 Nikuni Model        

 
Nikuni Serial 
Number        

 Filled In By ________________________Phone____________   
 Report Date________________________     
       YES NO 

1 Is the motor protection sized properly for the Nikuni motor?     
2 

 
Is the motor rotation counter clockwise (looking from the motor towards the 
pump)?     

3 
 

Has the pump motor alignment been confirmed since completion of 
plumbing tie-ins?     

4 Does the suction side of the pump have positive head pressure?     
5 

 
Is this sufficient to provide the required amount of water (by gravity) to this 
model pump?     

6 Is the suction line diameter equal to or greater than the pump's inlet?     
7 

 
Is there a minimum of 5 times the pipe diameter of straight pipe connecting 
to the pump's inlet?     

8 
 

Is there a gate valve or globe valve to regulate the vacuum pressure to the 
pump?     

9 
 

Is the valve used to regulate the vacuum to the pump installed between 5 
and 10 times the pipe diameter from the pump's inlet?     

10 Is a vacuum gauge installed between the above valve and the pump?     
11 Is the air intake line 3/8" diameter or larger?      
12 Is the pump using atmospheric air? (NO COMPRESSED AIR)     
13 
 

Is there at least 10 times the pipe diameter of straight pipe (prior to any 90, 
45, etc) on the Nikuni outlet?     

14 
 

Is the Nikuni's discharge pipe diameter equal to or greater than the pump's 
outlet?     

15 Is a sample point installed in the discharge line?      
16 Is a pressure gauge installed on the discharge line?      
17 
 

Is the valve used to regulate the discharge pressure a gate, globe or 
diaphragm valve?     

18 
 

Is (are) the discharge pressure regulating valve(s) installed as close as 
possible to the point of injection to the wastewater stream?     

19 
 

Are these injection points either tangential to or with the direction of flow of 
the wastewater?     

20 
 

Is the wastewater line at the point of whitewater injected always full during 
operation?     

Please fax back to 914-371-4130 prior to pump startup to validate warranty. 
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SYSTEM OPERATIONS 

 
1: START-UP 

A: Initial Startup 
1. Verify proper installation. 
2. OPEN the Valves between the DAF Effluent Line (Nikuni Water 

Supply) and the Nikuni Pump. 
Allow the pump’s suction line to completely fill.  Opening the 
whitewater sample valve will help bleed any air from the lne.  
Any isolation valves on the suction side of the pump must be 
completely open.  If the pump is operated with out proper 
water priming, this becomes a cause for damage to the pump. 

3. OPEN the any discharge isolation valves associated with the 
pump. 

4. OPEN INJECTION VALVES at the injection points.  
5. TURN THE PUMP ON. 
6. GRADUALLY THROTTLE CLOSED INJECTION LINE VALVE(S) 

to achieve ~50-70 psi.   
Approximately thirty (30 sec) seconds after reaching operating 
speed, slowly close discharge valves closest to the points of 
injection.  Throttle valves proportionally to achieve an 
operating point of 50-70 psi on the discharge pressure gauges 
located at the discharge of the pump.  DO NOT SHUT 
VALVE, if pressure buildup does not occur – PUMP IS NOT 
FULLY PRIMED. 

7. Adjust (if necessary) the SUCTION GATE VALVE.   
This is done to achieve a vacuum (approximately 2-7” Hg, not 
to exceed 15” Hg) in the suction pipeline viewed on the 
suction vacuum gauges.  Closing the suction gate valve may 
be required to generate the proper vacuum. 

8. OPEN the NEEDLE VALVE on the AIR FLOWMETER to 5-10% 
of pump flowrate.   

The air flowrate should be 5-10% of pump’s water flowrate.  
Adjust the air flowmeter as follows.   
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B:NORMAL - START – UP 

The Nikuni Pump should start and stop with the DAF 
feed pump.  All manual valves should remain in the same 
position and should not require manual adjustment under 
normal operating conditions.   

 
 

2: OPERATION 
Once properly set the system should operate continuously 
without major adjustments.  The critical operating parameter is 
to insure an ample supply of recirculation water is feeding the 
pumps in order to prevent starving of the pumps.  Never run 
the pumps dry. If pressure drops below 10 psi or above 120 
psi then the automatic pressure transmitter (when installed as 
part of the system) should automatically shut the system 
down.   

 
3: SHUT-DOWN 

A: EMERGENCY SHUT-DOWN 
DO NOT OPERATE PUMPS DRY.  In an emergency case 
when the pumps are being starved (running dry) shutdown the 
system immediately.  To shut down pumps, turn off power 
switches.  If a check valve has been installed, all valves may 
remain in partially open position to facilitate the next startup 
procedure.   

 
B: NORMAL SHUT-DOWN PROCEDURES 

In the case of a plant shutdown a procedure should be 
followed to insure an easy re-start of the DAF system (avoid 
the clarifier filling with solids).  The recommended Shutdown 
procedure is outlined below. 

 
A. Stop the equipment that feeds water to the DAF. 
B. Turn off Nikuni Pump.   
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MAINTENANCE 
 
The www/NIKUNI system is designed for durability and long-life.  However, following 
some basic maintenance procedures will assure the long life of the pump.  It is always 
recommended to maintain a clean and safe environment. 
 
 1- ATMOSPHERIC PRECAUTIONS 

This NIKUNI is extremely durable and can perform well in many 
environments.  However, it is recommended that the system be protected 
from freezing as water in pipes and other areas may expand and cause 
damage.   

  
2- CLEANING 

 
Atmospheric Air Lines 
The Nikuni venturi’s atmospheric air through an air flowmeter(s) into the 
the Pumps.  Periodically the tubing and the air flowmeter should be 
checked to assure that debris has not restricted to flow of air.  In some 
cases it may be easier to replace the tubing rather than clean it, when 
fouling occurs. 

 
 
3- OTHER 

 
Installed backup pumps must be powered on and off briefly once a week 
in order to guarantee that they are ready for operation. 
 
A: Bearings 
Under normal operation conditions, replace the motor bearings after 
20.000 hours of operation or at the latest after 2.5 years. In the case of 
bad operation conditions, as e.g. a high environmental temperature or a 
corrosive and dusty environment, the motor bearings must be checked at 
an earlier date and, if necessary, be replaced.  Pump bearings with a 
lubrication device must be checked every 5000 hours of operation. Dirty 
bearings must be cleaned and filled with new lubricant. The free space in 
the bearing and casing should be filled by 30-50% with lubricant.  Do not 
use resinous or acid lubricants. Its consistencies (NLGI grade) should 
correspond to a worked penetration of 265 to 295 mm/10. 
Lithium-base soap lubricants with a drop point of more than 185°C are to 
be used for pumped liquids which have a maximum temperature of 110°C. 
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For pumped liquid with a higher temperature, use silicon lubricants with a 
lithium-base soap and with a drop point of more than 215°C. 
If necessary, the bearings can also be lubricated with lubricants of a 
different soap base. For this based on different soaps must not be mixed. 
The required relubrication periods must then be adapted to the type of 
lubricant used. 
 
B: Mechanical Seal 
The mechanical seals are maintenance-free. If leakages occur after a 
longer period of operation, replace the complete seal. 
 
C: Gland Packing 
Gland packings are low-maintenance parts and must leak slightly during 
operation. Do not over tighten a gland packing after its first operation.  
Considerable leakage at the beginning disappears by itself.  If greater 
leakages occur during operation, the gland lid or insert must be slightly 
tightened, however it must never be tightened at a slant. It must be 
possible to rotate the slide slightly after having tightened the lid or insert. If 
tightening of the gland lid or insert results in the pump being heated 
excessively or if it is not possible to tighten the gland lid or insert any 
further, the gland packing must be replaced completely.  If the gland lid or 
insert is tightened too much the shaft will be damaged. 

 
4- PART REPLACEMENT 

 
A: Preparation 
In order to make sure that the pump cannot be started, separate the 
power cable from the motor and/or use standard Lockout/Tagout 
procedures. Secure the unit against accidental switch-on. Close the stop 
valve of the pressure and suction pipelines. Please assure pump is not 
under pressure before disassembling.  The pump casing must have 
reached the environmental temperature and be drained of liquid and 
pressure. In the case of pumps in unit-construction with mounting flange, 
the container must be drained completely. 

 
B: Disassembly: Refer cross section drawing attached. 

   
1) Remove 103-cover and 123A-O-ring.  When it is not easy to 

dismantle the cover, bolt is inserted into the tap. 
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2) Remove 114-impeller nut, 113-impeller washer, 048-adjustment 
collar, 116-impeller key.  In case impeller is not easily unfasten, bolt 
should be screwed into the tap on the impeller and pull the bolt to 
unfasten the impeller. 

3) Unfasten the 102-body.  061-gland packing, 065-seal cage, 109-
gland holder come out attached to the body. The gland packing can 
be changed at this stage. 

4) 120-sleeve and 081-slinger are unfastened. 
5) Remove 074-key and 030-bearing cover. 023C-oil seal comes out 

with the bearing cover. 
6) Remove 027-bearing at motor side, and 030-bearing washer. 
7) Remove 027-bearing holder.  023A-oil seal comes out with the 

bearing holder. 
8) 108-shaft is hit by wooden hammer from motor side and drawn to 

the pump side. 
9) Remove 029-bearing nut at pump side and 030-bearing washer. 
10) Remove 021A-ball bearing from the shaft and 021B-ball bearing 

from the bracket.  This is end of disassembling. 
 

C: Assembly 
 
Assembling is made in reverse order of disassembling. Please make 
sure to take each step in firm manners. 
 
Make sure there is no damage on fit face and installation face and 
there is no dust and other foreign items on their faces, at time of 
assembling.  
 
1) Drive 021A-ball bearing into 108-shaft and to fit 030-bearing 

washer into the 108-shaft. To secure 029-bearing nut tightly.  The 
brim of 030-bearing wash should be bent into the hollow of 029-
bearing nut, to prevent turning.  108-shaft is fit into 025-bracket 
from pump side. 

2) 023A-oil seal and 123C-O-ring are assembled to the 027-bearing 
holder, and fix to the 025-bracket. (When 023A-oil seal is inserted, 
the lip is placed to the ball bearing side, and hit the metal part only, 
and evenly, by way of using pipe like tool.) 

3) Drive 021B-ball bearing and fix 030-bearing washer, and secure 
029-bearing nut.  At this time, the brim of 030-bearing washer is 
bent into hollow of 029-bearing nut, to prevent turning. 
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4) Assemble 023C oil seal and 123C-O-ring onto 036-bearing cover, 
and fix it to 025-bracket. When 023C-oil seal is incorporated, the lip 
should be facing to the ball bearing side. 

5) 081-slinger is installed. 
6) 061-gland packing and 065-seal cage are inserted into 102-body, 

and 109-gland holder is installed.  At this time, inner diameter of 
the gland packing is enlarged so that 120-sleeve can move easily.  
*If the gland packing’s inner diameter is too small, it may become a 
cause of high temperature of gland, during running. 

7) Aforementioned body is installed to 025-bracket. 
8) Install 120-sleeve and 048-adjustment collar. 
9) Install 116-impeller key and 107-impeller. 
10)  Fit 113-impeller washer and secure by the 114-impeller nut.  The   

brim of 113-impeller washer is bent into hollow of 114-impeller nut, 
to prevent turning. 

11)  Assemble 123A-Oring into 103-cover, and fix into 102-body. 
 
Please take note of followings: 
Warning: 048-adjustment collar should not be lost. When assembling 
at manufacturer’s facility, 048-adjustment collar is adjusted to fit into 
each pump. 
Warning: Make sure the coupling is turned smoothly by human hand 
without difficulty.  If there is any abnormality when turning, there 
should some problem of parts or problem at assembling. 
 

DESCRIPTION Part Number DESCRIPTION Part Number
Pump Side Bearing -021A Body (Cast Iron) -102 
Motor Side Bearing -021B Cover (Cast Iron) -103 
Oil Seal -023A Body (SCS13) -102 
Bracket -025 Cover (SCS12) -103 
Bearing Holder -027 Side Plate (104-142007) -104 
Bearing Nut -029 Side Plate (104-112107) -105 
Bearing Washer -030 Impeller (304) -107 
Bearing Cover -036 Impeller (316) -107 
Adjustment Collar (304) -048 Shaft (304) -108 
Adjustment Collar (316) -048 Shaft (316) -108 
Mechanical Seal Holder (304) -049 Impeller Washer -113 
Mechanical Seal Holder (316) -049 Impeller Nut -114 
Mechanical Seal -051 O-Ring Set (FPM) -123 
Slinger (NBR) -081     
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D: Spare Parts List 

 
1) When ordering: Please inform pump model number, pump serial 
number written on the name plate of the pump. 
2) Consumables: Please replace the parts referring following table. 
 

DESCRIPTION Part Number 
Pump Side Bearing M80F(S)P-021A 
Motor Side Bearing -021B 
Oil Seal -023A 
Bracket -025 
Bearing Holder -027 
Bearing Nut -029 
Bearing Washer -030 
Bearing Cover -036 
Adjustment Collar (304) -048 
Adjustment Collar (316) -048 
Mechanical Seal Holder 
(304) -049 
Mechanical Seal Holder 
(316) -049 
Mechanical Seal -051 
Gland Packing -061 
Latern Ring -065 
Slinger (NBR) -081 
Body (Cast Iron) -102 
Cover (Cast Iron) -103 
Body (SCS13) -102 
Cover (SCS12) -103 
Side Plate (104-142007) -104 
Side Plate (104-112107) -105 
Impeller (304) -107 
Impeller (316) -107 
Shaft (304) -108 
Shaft (316) -108 
Gland Holder -109 
Impeller Washer -113 
Impeller Nut -114 
Sleeve  -120 
O-Ring Set (FPM) -123 
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TROUBLESHOOTING NIKUNI OPERATION 
Below are basic trouble-shooting approaches that address general operational issues 
as they may occur with system operation or system start-up.   

   
Individual Pump Discharge Pressure 

 
If pump discharge pressure is too low: 
-Insure proper reading of pressure gauge by adjusting the discharge pressure 
valves. 
-Insure gate valve prior to pump is fully open. 
-If the pump does not pressure up, an air lock likely occurred.  Turn the pump off.  
Open all valves fully.  Open the whitewater sample valve and let pump fill with 
water over several minutes.  Then, restart pump according to first-time set up 
instructions. 
   

Air/Pump Suction 
   

If pump/air suction is too low (less than 5% of pump flowrate): 
-Insure air gauges are set to the open position (left turn is open).  Check if 
air is entering into the gauges by placing a finger over the inlet.  If air is 
flowing, the air gauge should be replaced. 
-Insure discharge pressure of the pump is proper.  If it is not, follow 
trouble-shooting steps to correct discharge pressure problems prior to 
correcting the pump suction issues.   
-If the vacuum gauge at the pump suction reads greater than 2 “ Hg, then 
the pump should be vacuuming atmospheric air in through the air gauges.  
Disconnect the air line at the pump to determine if suction does exist.  If it 
does the “air line” is clogged, if it does not move to next step. 
-With the air line/gauge open, throttle down the gate valve closest to the 
suction of the pump.  Prior to closing the gate valve 30%, a vacuum 
should develop and air should be pulled in from the atmosphere. 
 
If pump suction is too high (greater than 10-15” Hg): 
-Water re-circulation to feed to the pumps is probably to low signifying a 
closed valve(s).  Check valves. 
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TROUBLESHOOTING (Cause and Countermeasure) 
 

1-Trouble During Startup 
 

  Symptom Cause Countermeasure 
. Electrical power related problem Inspect and repair 
. Motor breakdown 
. Rotating parts touch something else 
. Rotating part is rusted 
. Rotating part is in seizure 

. Motor does not rotate 

. Motor growls and does not 
rotate 

. Foreign body clogged in the rotating 
part 

Disassemble, inspect and then repair 
Get it repaired by the manufacturer 
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2-Trouble Related to Pump 

 
  Symptom Cause Countermeasure 

Water priming is not done Do water priming 
Sluice valve is closed and partially 
open 

Open the valve completely 

Actual head is more than the pump 
head 

Reduce the actual head 

Suction lift is too much for this pump Reduce the suction lift 
Air vent valve is closed Open the air vent valve 
Suction pipe end is not submerged in 

the  
water 

Immerse the suction pipe end into the water 

Direction of rotation is reverse Correct the wiring, and confirm the direction 
using the arrow mark on the pump 

Operating under 50Hz instead of 
60Hz 

Adjust to the specified rotation speed 

Number of poles in the motor is 
different 

Change the motor 

Voltage drop Supply the correct voltage 
Strainer or the foot valve is blocked Remove the foreign bodies 
Pipe is blocked Remove the foreign bodies 
Air is being sucked Inspect the suction pipe, shaft seal part and 

repair accordingly 
Leakage in the discharge pipe Inspect and repair 
Horizontal pipe is very long Reduce the length 
Impeller is corroded 

Impeller is worn out 

Replace the impeller 
Get it repaired by the manufacturer 
Check the body also 

Cavitations has occurred Improve the suction piping 
Too much pressure loss in piping Reduce 

Cannot pump the water 
Specified discharge volume, 

specified  
pump head not met 
Water is pumped initially, but 
stops 
immediately 

Air is accumulated (locked) inside the 
discharge pipe 

Provide air vent 
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3-Overload Problems 
  Symptom Cause Countermeasure 

Operating under 50Hz instead of 60Hz Adjust to the specified rotation speed 
Number of poles in the motor is different Change the motor 
Voltage drop Supply the correct voltage 
Centering of the shaft coupling is not 
done 

Readjust the centering 

Foreign bodies have entered into the 
internal  

portion of the pump 

Remove the foreign bodies 

Pump head is very high and discharge flow 
volume is very less 

Open the discharge valve 

Shaft bearing is damaged Replace the shaft bearing 
Rotating parts are touching other things 

and the 
shaft is bent 

Get it repaired by the manufacturer 

Overload 

The strainer is blocked Inspect the strainer and clean it 

 
4-Problems related to shaft bearing, shaft seals and others 

 
  Symptom Cause Countermeasure 

Centering is not correct Redo the centering and adjust correctly 
Shaft bearing is damaged Replace the shaft bearing 

Overheat or abnormal noise is 
generated in the Shaft 
bearing Shutoff operation for long duration Stop the shutoff operation 

Wrong fixture of mechanical seal Fix correctly 
Mechanical seal is damaged Replace the mechanical seal 
Shaft is worn out Replace with new one 

Over leakage of water from 
the   
shaft seal portion 

Shaft is bent Replace with new one 
Foundation is incomplete Repair the foundation 
Installation, centering is defective Repair the installation and centering status 
Shaft bearing is damaged Replace the shaft bearing 

Direction of rotation is reverse 
Correct the wiring, and confirm the direction 
using the  arrow mark on the pump 

Rotating parts are touching other things 
and the shaft (axis) is bent 

Get it repaired by the manufacturer 

Cavitations has occurred Improve the suction piping 
Piping is resonating Improve the piping 

Install flexible pipe, vibration isolating rubber 
cushion 

Vibration of the pump 
High operating sound 

Shaft coupling rubber is deteriorated, 
worn out  or abraded on one side 

Replace the shaft coupling rubber 
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WARRANTY 
 
Since we design and build our products to provide you with many years of satisfaction, 
all World Water Works products are guaranteed against defects in materials and 
workmanship for a period of one year, excluding all wear parts. 
 
We hereby guarantee the quality of our product supplied to you in the following 
conditions: 
 
1) WWW warrants our product to be free of defects in material and workmanship for a 

period of twelve (12) months following installation up to a maximum of eighteen (18) 
months following of our shipment from Oklahoma City, OK. Any part(s) which fails 
during the warranty period due to defective material or workmanship will be replaced 
for shipping cost only provided (a) the claim for warranty is given in writing 
describing details of the defect within warranty period; (b) WWW accepts the return 
of defective part(s) for service and (c) the defective part(s) is delivered to WWW with 
transportation charge prepaid in accordance with instructions provided by WWW. In 
case of a difference of opinion between the parties concerned regarding whether or 
not the warranty is applicable, the judgment of WWW is final. 

2)  WWW’s liability is limited to the replacement or repair (at our option) of the defective 
parts as originally supplied by WWW. WWW shall not be liable for any loss, 
damage, or expenses directly or indirectly related to the use of its products or from 
any other cause or for consequential damages (including, without limitation, loss of 
time, inconvenience, and loss of production). It is expressly understood that WWW 
is not responsible for damage or injury caused to other products, machinery, 
buildings, property, or persons by reason of the installation or use of its products. 

3) The warranty shall be null and void if any component of a product has been (a) 
tampered with, disassembled, repaired or altered (except as may be authorized by 
WWW in writing); (b) subject to misuse, neglect or accident; or (c) used to pump 
materials which it was not designed to handle, which may attack or harm the 
materials used in construction of the pump, or which may otherwise harm the 
operation of the pump. 

4) The warranty does not cover or apply to (a) the effects of corrosion, abrasion or 
normal wear; (b) repairs or service adjustments required due to lack of proper 
maintenance or installation, natural causes or acts of God; or (c) any field expense 
for service or replacement of parts. 
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This warranty is WWW’s sole warranty and in lieu of all other warranties, express or 
implied , which are hereby disclaimed, including in particular all warranties of 
merchantability or fitness for a particular purpose. 
 
This warranty gives you specific legal rights.  If you have any questions or comments 
regarding this guarantee or your World Water Work product, you may reach us at 1-
800-607-PURE or www.WorldWaterWorks.com.  You will find that we apply the same 
standard of excellence to our customer service as we do our products. 
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CUSTOMER SERVICE 
 
World Water Works believes that responsive customer service is as important to 
customer satisfaction as is proficiency of the system design.  Thus, we welcome 
customer calls.   
 
 Customer Service Department:  
 

WORLD WATER WORKS 
CUSTOMER SERVICE DEPARTMENT 

4061 NW 3rd Street 
Oklahoma City, Oklahoma 73107 

800-607-PURE 
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 6. DISSOLVED AIR FLOTATION (DAF) SYSTEM  
 
      G. DISSOLVED AIR SYSTEM (Nikuni pump) COMPONENTS 
 
d. Nikuni pump check valve 
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      G. DISSOLVED AIR SYSTEM (Nikuni pump) COMPONENTS 
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Mechanical
Pressure MeasurementBourdon Tube Pressure Gauge

Model 21X.53 Stainless Steel Construction

Page 1 of 2�������	�
���	��������������

WIKA Datasheet 21X.53

Bourdon Tube Pressure Gauge Model 21X.53

Applications

� Intended for adverse service conditions where pulsating 
or vibration exists (with liquid filling)

� Hydraulics & compressors
� Suitable for gaseous or liquid media that will not ob-

struct the pressure system

Special features

� Vibration and shock resistant (with liquid filling)
� Stainless steel case
�� ���

���������
����	����������
�

Standard Features

Design
��!"�#$������%�"'���*+�

Sizes
,��/,�%�$,�0����4��%�����667

Accuracy class
,�%�/,8��� 9����:��;�
����0��!"�#$������<��=��
A)
$,8��� 9��:��;�
����0��!"�#$������<��=����7

Ranges
>�?��6���@�6����=�	������
�
���

����;��6�����
��	����������
�
���

����;��6�����
��	����������
��+�,�
�B�
or other equivalent units of pressure or vacuum

Working pressure
�%�/,8� �	��=C8� ��$�
?�E��F�E��
� � GE�?	��	���8� ���;�EE�
?�E��F�E��
  Short time: full scale value

4”:  Steady: full scale value
� � GE�?	��	���8� ��M�N�;�EE�
?�E��F�E��
  Short time: 1.3 x full scale value

Operating temperature
�6O���	8� +$�QG�	��R�$�QG�0+$�Q@�	��R4�Q@7�+�=�C
� � +$QG�	��R�$�QG�0+�Q@�	��R4�Q@7�+��EC?������;�EE�=
� � +$�QG�	��R�$�QG�0+$�Q@�	��R4�Q@7�+�
�E�?����;�EE�=
!�=��68� R�$�QG��0R4�Q@7�6�N�6�6

Temperature error
Additional error when temperature changes from reference 
	�6����	�����;�4�QG�0�Q@7�9��$:�;����F��C���QG�0��Q@7���
����
or falling.  Percentage of  span.

Weather protection
���	����	���	�0'"!��$�������4�7

Pressure connection
Material: copper alloy
U�Y���6���	�0U!7����?��	���O�?Z�6���	�0@#!7�+�,�%�/,
Lower mount (LM) or lower back mount (LBM) - 4”
���,�'�]����$,�'�]������,�'�]��E�6�	�=�	��Y���?��;E�	�����

Bourdon tube
2½” Size-�!�	����E8�@�������EE�C
��,�^��0>�@7�	���������+�@+	C���0
�E=���=7
��������	�����������+���E�?�E�	C���0
�E=���=7
@�����
�	��
	���E�

�
	��E��	�*���������O��B�=
4”Size-�!�	����E8�@�������EE�C�<�����������
��4�
	���E�

�
	��E�> ���������
��,�^��0>�?7�	�����������+�@+	C���0
�E=���=7
����������	������������+���E�?�E�	C���0O��B�=7
@�����
�	��
	���E�

�
	��E��	����������

Movement
@�������EE�C

Dial
White ABS (2” & 2½”) and white aluminum (4”)

Pointer
Black aluminum
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Ordering information
���

����������6�=�E���'�6���E�
�B�����?�E������������B���;�?����?	������j�	����E��N	��
���z����=
Specifications and dimensions given in this leaflet represent the state of engineering at the time of printing.
Modifications may take place and materials specified may be replaced by others without prior notice. WIKA Instrument Corporation

�����������=�#��E�F��=
U�Y���?�F�EE���<�����$�
]�E�0**�7����+�����]�EE+;�����+���+����+{��
G�N�0**�7����+����
E-Mail info@wika.com
www.wika.com
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Dimensions

Case
��$�
	���E�

�
	��E�Y�	��F��	��E�����=�
	���E�

�
	��E�?��6��
����������	�OE��;���E�z��=�;�EE�����@�
��?����?	����
��E�=�Y�	��
EPDM o-ring (glycerine filled) or Viton o-ring (dry or silicone 
filled).
 
Window
��EC?��O���	��Y�	��#���+'���
Z�	

Case fill
<EC?������MM�*:�+�]C��������

Optional extras
� Brass restrictor
� Stainless steel front or rear flange - 2½” & 4”
� Zinc-plated steel or SS u-clamp bracket (field installable)
�� "N	����E�B�����=��
	6��	�0/,���EC7
� Red drag pointer or mark pointer
� Silicone or Fluorolube case filling
� Special connections limited to wrench flat area
�� @�
	�6�=��E�E�C��	
�� j	�������

����
?�E�
��F��E�OE�
��������O����Z����!����Z��?6����=�=��E�
?�E�


Size                                       
  A B C D E G H J K L M N S T W Weight
   2” mm 55 48 30 50 12 53 - 3.6 72 6.5 71 60 5.5  14 0.27 lb. dry

in 2.17 1.89 1.18 1.97 0.47 2.09 - 0.14 2.83 0.26 2.80 2.36 0.22 1/4” 0.55 0.33 lb. filled
  2.5” mm 69 54 32 62 13 54 - 3.6 72 7.5 85 75 6.5  14 0.36 lb. dry

in 2.69 2.13 1.26 2.45 0.51 2.13 - 0.14 2.83 0.30 3.35 2.95 0.26 1/4” 0.55 0.44 lb. filled
   4” mm 107 87 48 100 15.5 79.5 30 4.8 109 9 132 116 8  22 1.10 lb. dry

in 4.21 3.43 1.89 3.91 0.61 3.13 1.18 0.19 4.29 0.35 5.20 4.57 0.31 1/2” 0.87 1.76 lb. filled

Note: For 1/4” NPT connections on 4” gauges, reduce B  dimension by 5mm/0.2”

Recommended panel cut-out:
2“- U-clamp: 51mm 2½“- U-clamp: 63mm         4“- U-clamp: 101mm 4½“- panel mount adapter 104mm minimum
      front flange: n/a  front flange: 65mm front flange: 104mm       (not shown)
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 6. DISSOLVED AIR FLOTATION (DAF) SYSTEM  
 
      G. DISSOLVED AIR SYSTEM (Nikuni pump) COMPONENTS 
 
g. Nikuni pump air inlet flow indicator (Tag ID: FE111, FE112) 
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The Rate-Master® flowmeter line of direct reading precision flowmeters incorpo-
rates many unique user features at moderate cost. These low cost flowmeters are
ideal for general use. 

Easy to read design — The direct reading scales eliminate troublesome conver-
sions. The scales are brushed aluminum,  coated with epoxy and the graduations are
on both sides of the  indicating tube. Special integral flow guides stabilize the float
throughout the range to keep it from hunting or wandering in the bore. The float is
highly visible against a white background.

Construction assures accuracy — All Rate-Master® flowmeter bodies are injec-
tion molded of tough, clear, shatter-proof polycarbonate plastic around a precision ta-
pered pin. The result is accurate and repeatable readings. The single piece plastic
body is mounted to a stainless steel back bone into which pipe thread inserts are
welded to absorb piping torque. Precision metering valves of brass or stainless steel
(specify BV or SSV on order) are available as an optional extra and permit precise
flow adjustments. For vacuum applications, Model RMA units are available with top
mounted valves (specify TMV). The small Series RMA models are accurate within
±4% of full scale reading; Series RMB within ±3%; large Series RMC within ±2%.

Model RMC-SSV 10˝
scale, 15-3/8˝ high 

Model RMB-SSV 5˝
scale, 8-3/4˝ high 

Model RMA-SSV 2˝
scale, 4-13/16˝  high

Rate-Master® Flowmeters
Polycarbonate, Gas Flow from 0.05-1800 SCFH, Water Flows to 10 GPM

F

A
B C

J
BACK WIDTH

K

D

E

G

H

I
FULL OPEN L

Installation is simple — The Rate-Master® Flowmeter can be neatly panel mount-
ed to keep flow tube centers in the same plane as the panel surface or surface mount-
ed on the panel by means of tapped holes in the backbone. When through-panel
mounted, the bezel automatically positions the instrument at the correct depth in the
panel cutout. Surface mounted units can also be held in place by the piping. All
mounting hardware plus  installation and operating instructions are included. 

Easy-to-Interchange bodies — Within a given Series Rate-Master® flowmeter
bodies can be instantly interchanged. Simply “unplug” the body from backbone and
replace it with another. “O” rings provide a tight seal on inlet and outlet. Piping re-
mains undisturbed. Interchangeability is useful where different scale ranges are
sometimes required at the same location in the laboratory or plant. 

Cleaning is easy — To release the plastic flowmeter body from the stainless steel
backbone, just remove four screws. Pipe thread flow connections remain undis-
turbed. Remove the slide cover and the plug ball stop, clean the flow tube with soap
and water and  reassemble. It’s that simple. 

Dimension in Inches

Model RMA

A

B

C

D

E

F

G

H

I

(OPEN)

J

K

L

4-9/16

3
1/8 NPT Conn.

1-5/8

10-32 Thds.

3/8

1-1/16

1-3/16

3/4

1

1-3/8

3/4

4-13/16

1

Model RMB

8-1/2

6-7/16
1/4 NPT Conn.

3-15/16

1/4-20 Thds.

5/8

1-7/8

1-3/4

1

1-7/16

1-13/16

1-1/4

8-3/4

1-1/2

Model RMC

15-1/8

12-1/4 
1/2 NPT Conn.

8-3/4

3/8-24 Thds.

1

2-3/4

2-1/4

1-7/16

1-31/32

2-1/2

2

15-3/8

2-1/4

(BV or SSV MODELS ONLY)

Series
RM
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Flow

Model RMA-2˝ Scale Model RMB-5˝ Scale Model RMC-10˝ Scale
Range
SCFH Air
.05-.5
.1-1
.2-2
.5-5
1-10
2-20
5-50
10-100
15-150
20-200
CC Air/min.
5-50
10-100
30-240
50-500
100-1000
200-2500
LPM Air
.5-5
1-10
2-25
5-50
5-70
10-100
CC Water/min.
5-50
10-110
20-300
Gal.Water/hr
1-11
2-24
4-34
5-50

Range 
No.
1
2
3
4
5
6
7
8
9
10

151*
150*
11
12
13
14

26
21
22
23
24
25

32
33
34

42
43
44
45

Range
SCFH Air
.5-5
1-10
3-20
4-50
10-100
20-200
40-400
50-500
60-600
Gal. Water 
per hour
1-12
1-20
4-40
10-100
SCFH & LPM
Air
1.2-10/0.6-5
3-20/1.5-9.5
4-50/2-23
10-100/5-50
20-200/5-95
GPH & LPM
Water
1-12/0.06-0.76
1-20/0.065-1.25
10-100/0.8-6.2

Range
No.
49+
50
51
52
53
54
55
56
57

82
83
84
85

50D
51D
52D
53D
54D

82D
83D
85D

Range
SCFH Air
5-50
10-100
20-200
40-400
60-600
100-1000
120-1200
200-1800
SCFM Air
1-10
2-20
4-30

Gal. Water
per hour
2-20
8-90
Gal.Water
per minute
.1-1
.2-2.2
.4-4
.8-7
1.2-10

Range 
No.
101
102
103
104
105
106
107
108

121
122
123

134
135

141
142
143
144
145

CAUTION
Dwyer® Rate-Master® flowmeters are designed to  provide satisfactory
long term service when used with air, water, or other compatible media.
Refer to factory for information on questionable gases or liquids. Caus-
tic solutions, anti-freeze (ethylene glycol) and aromatic solvents should
definitely not be used.

Top Mounted Metering Valves – Same precision
construction for vacuum applications. RMA mod-
els only.

Specials – Special ranges, scales, mounting
arrangements, etc., are available on special
order, or in OEM quantities.

SPECIFICATIONS
Service: Compatible gases and liquids.
Wetted Materials: Body: Polycarbonate; O-ring: Neoprene & Buna-N;
Metal Parts: Stainless Steel (except for optional brass valve); Float:
Stainless steel, black glass, aluminum, K monel, tungsten carbide de-
pending on range.
Temperature Limit: 130°F (54°C).
Pressure Limit: 100 psi (6.9 bar).
Accuracy: RMA: 4%, RMB: 3%, RMC: 2% of full scale.
Process Connection: RMA: 1/8˝, RMB: 1/4˝, RMC: 1/2˝ female NPT.
Weight: RMA: 4 oz (113.4 g), RMB: 13 oz (368.5 g), 
RMC: 39 oz (1105.6 g).

Adjustable pointer flags – Red lined pointer
flags provide quick visual  reference to a re-
quired flow level. Of clear plastic, they snap into
place inside bezel and slide to desired level. 

OPTIONS & ACCESSORIES

How To Order
Series-Range No.-Valve-Option
Example: RMA-2-SSV
Series RMA with .1-1 SCFH Air Range & Stainless Steel Valve

Popular Ranges

*Accuracy ±8%
+Accuracy ±5%

Model RMA
Model RMA-X, Standard RMA
Model RMA-X-BV, RMA with Brass Valve
Model RMA-X-SSV, RMA with Stainless Steel Valve
Model RMA-X-TMV, RMA with Top Mounted Valve

Model RMB 
Model RMB-X, Standard RMB
Model RMB-X-BV, RMB with Brass Valve
Model RMB-X-SSV, RMB with Stainless Steel Valve

Model RMC 
Model RMC-X, Standard RMC
Model RMC-X-BV, RMC with Brass Valve
Model RMC-X-SSV, RMC with Stainless Steel Valve

Model RMA-X-APF, Adjustable Pointer Flag for RMA Series
Model RMB-X-BPF, Adjustable Pointer Flag for RMB Series
Model RMC-X-CPF, Adjustable Pointer Flag for RMC Series

Model RKA, Regulator Kit for RMA Series
Model RK-RMB, Regulator Kit for RMB Series
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Copyright © All product information within this document is subject to Baldor Electric Company copyright © protection, unless otherwise noted.
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                                                                  Product Information Packet: EM4110T - 40HP,1775RPM,3PH,60HZ,324T,1260M,TEFC,F1

Product Detail
Revision: J Status: UNR/A Change #: Proprietary: No

Type: AC Prod Type: 1260M Elec. Spec: 12WGX277 CD Diagram:

Enclosure TEFC Mfg Plant: Mech Spec: 12H13 Layout: 12LYH013

Frame: 324T Mounting: F1 Poles: 04 Created Date:

Base: RG Rotation: R Insulation: F Eff. Date: 12-01-2008

Leads: Literature: Elec. Diagram: Replaced By:

Nameplate NP1259L
CAT.NO. EM4110T

SPEC. 12H013X277G1

HP 40

VOLTS 230/460

AMP 92/46

RPM 1775

FRAME 324T HZ 60 PH 3

SER.F. 1.15 CODE H DES B CL F

NEMA-NOM-EFF 94.5 PF 86

RATING 40C AMB-CONT

CC 010A USABLE AT 208V 99

DE 6312 ODE 6311

ENCL TEFC SN

MotorAgents.com - Click here for Pricing/Ordering
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                                                                  Product Information Packet: EM4110T - 40HP,1775RPM,3PH,60HZ,324T,1260M,TEFC,F1

Parts List
Product ID Description Quantity List Price

SA064035 SA 12H013X277G1 1.000 2,658.00
RA058209 RA 12H013X277G1 1.000 1,851.00
S/P107-000-004 SUPER-E(284 FR. & UP)-CL PLANT,POLYREX E 1.000
10CB3001 CONDUIT BOX CAST W/2.500 LEAD HOLE 1.000 35.00
10XN3118K12 5/16-18 X .75 GRADE 5, ZINC PLATED 4.000 2.00
HW1001A31 LOCKWASHER 5/16, ZINC PLT.591 OD, .319 I 4.000 2.00
WD1000B16 KPA-4C BURNDY TERMINAL 1.000 4.00
51XF2520A08 SCREW, HEX SER SLT HD, ZN 1/4-20 X .50 L 1.000 2.00
12EP1107A05 FR ENDPLATE, MACH 1.000 356.00
HA4051A00 PLASTIC CAP FOR GREASE FITTING 1.000 2.00
HA3400A13SP STUD, 1/2-13 X 7" WELKER 4.000 19.00
HW1001A50 LOCKWASHER 1/2, ZINC PLT,.879 OD, .509 I 4.000 2.00
HW5100A13 W4627-047 WVY WSHER 1.000 10.00
12EP1106A01 PU ENDPLATE, MACH 1.000 349.00
HA4051A00 PLASTIC CAP FOR GREASE FITTING 1.000 2.00
10XN3118K36 5/16-18 X 2.25"  HEX HD, GRADE 5 2.000 2.00
HW1001A31 LOCKWASHER 5/16, ZINC PLT.591 OD, .319 I 2.000 2.00
10XN3118K40 5/16-18 X 2.50"  HEX HD, GRADE 5 4.000 2.00
HW1001A31 LOCKWASHER 5/16, ZINC PLT.591 OD, .319 I 4.000 2.00
10XN5013K28 1/2-13 X 1.75 HEX HEAD MACH SCREW,GRAD 4.000 2.00
HW1001A50 LOCKWASHER 1/2, ZINC PLT,.879 OD, .509 I 4.000 2.00
12FH1002A05SP FAN COVER, MACH 1.000 295.00
XY5013A12 NUT,1/2-13,HEX,STEEL,ZINCPLATED 4.000 2.00
HW1001A50 LOCKWASHER 1/2, ZINC PLT,.879 OD, .509 I 4.000 2.00
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                                                                  Product Information Packet: EM4110T - 40HP,1775RPM,3PH,60HZ,324T,1260M,TEFC,F1

Parts List (continued)
Product ID Description Quantity List Price

HW4600B41 V-RING SLINGER 2.125 X 2.880 X 0.280 1.000 6.00
10CB3500SP CONDUIT BOX LID, CAST 1.000 31.00
51XW2520A12 .25-20 X .75, TAPTITE II, HEX WSHR SLTD 4.000 2.00
HW2501H33 KEY, 1/2 SQ X 3.875 1.000 2.00
LB1115 LABEL,LIFTING DEVICE (ON ROLLS0 1.000 2.00
12GS1000SP GASKET 1.000 3.00
HW4500A21 1618BALEMITE FITTING 825 UNIVERSAL 1.000 5.00
HA4017A01 1/8 X 4 GREASE EXT (F/S) 1.000 4.00
HW4500A17 317400 ALEMITE GREASE RELIEF 1.000 4.00
HA4001A01SP DRAIN PLUG, PLASTIC      (MICRO PLAS) 1.000 2.00
MJ1000A02 GREASE, POLYREX EM EXXON 0.200 10.00
HW4500A03 GREASE FITTING, .125 NPT 1610(ALEMITE) 8 1.000 2.00
HW4500A17 317400 ALEMITE GREASE RELIEF 1.000 4.00
HA4001A01SP DRAIN PLUG, PLASTIC      (MICRO PLAS) 1.000 2.00
10GS1000 GASKET, CONDUIT BOX LID 1.000 2.00
MG1000Y03 WILCO 149-708 GOLD PAINT SUPER E 0.080 263.00
85XU0407A04 #4-7 X 1/4 DRIVE PIN 2.000 2.00
LB5040 INSTRUCTION TAG, AC & DC 1.000 2.00
09FN3001B03SP EXTERNAL FAN, PLASTIC 1.000 73.00
HW2500A25 WOODRUFF KEY USA #1008 #BLOW CARBON STEE 1.000 2.00
51XB1214A20 12-14X1.25 HXWSSLD SERTYB 1.000 2.00
LB1119 WARNING LABEL 1.000 2.00
LC0181 CONNECTION LABEL 1.000 6.00
NP1259L STD LASER ENGRAVED, SUPER E,UL CSA CC, W 1.000
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Parts List (continued)
Product ID Description Quantity List Price

12PA1000 PACKAGING GROUP COMBINED PRINT PK1024A06 1.000 157.00
LB1125C02 SUPER-E (STOCK CTN LABEL SUPER-E WITH FL 4.000 2.00
LB1357 ENERGY GUIDE LABEL (BOX LABEL) 2.000 2.00
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Overview This manual contains general procedures that apply to Baldor Motor products.  Be sure to read and
understand the Safety Notice statements in this manual.  For your protection, do not install, operate or
attempt to perform maintenance procedures until you understand the Warning and Caution statements.  
A Warning statement indicates a possible unsafe condition that can cause harm to personnel.  
A Caution statement indicates a condition that can cause damage to equipment.

Important: This instruction manual is not intended to include a comprehensive listing of all details for all
procedures required for installation, operation and maintenance.  This manual describes general
guidelines that apply to most of the motor products shipped by Baldor.  If you have a question
about a procedure or are uncertain about any detail, Do Not Proceed.  Please contact your Baldor
distributor for more information or clarification.
Before you install, operate or perform maintenance, become familiar with the following:

� NEMA Publication MG-2, Safety Standard for Construction and guide 
for Selection, Installation and Use of Electric Motors and Generators.

� The National Electrical Code
� Local codes and Practices

Limited Warranty

www.baldor.com/support/warranty_standard.asp

Safety Notice:  This equipment contains high voltage!  Electrical shock can cause serious or fatal injury.  Only qualified
personnel should attempt installation, operation and maintenance of electrical equipment.
Be sure that you are completely familiar with NEMA publication MG-2, safety standards for construction and
guide for selection, installation and use of electric motors and generators, the National Electrical Code and
local codes and practices.  Unsafe installation or use can cause conditions that lead to  serious or fatal injury.
Only qualified personnel should attempt the installation, operation and maintenance of this equipment.

WARNING: Do not touch electrical connections before you first ensure that power has been disconnected.
Electrical shock can cause serious or fatal injury.  Only qualified personnel should attempt the
installation, operation and maintenance of this equipment.

WARNING: Disconnect all electrical power from the motor windings and accessory devices before
disassembly of the motor.  Electrical shock can cause serious or fatal injury.

WARNING: Be sure the system is properly grounded before applying power.  Do not apply AC power before
you ensure that all grounding instructions have been followed.  Electrical shock can cause
serious or fatal injury.  National Electrical Code and Local codes must be carefully followed.

WARNING: Avoid extended exposure to machinery with high noise levels.  Be sure to wear ear protective
devices to reduce harmful effects to your hearing.

WARNING: Surface temperatures of motor enclosures may reach temperatures which can cause discomfort
or injury to personnel accidentally coming into contact with hot surfaces. When installing,
protection should be provided by the user to protect against accidental contact with hot surfaces.
Failure to observe this precaution could result in bodily injury.

WARNING: This equipment may be connected to other machinery that has rotating parts or parts that are
driven by this equipment.  Improper use can cause serious or fatal injury.  Only qualified
personnel should attempt to install operate or maintain this equipment.

WARNING: Do not by-pass or disable protective devices or safety guards.  Safety features are designed to
prevent damage to personnel or equipment.  These devices can only provide protection if they
remain operative.

WARNING: Avoid the use of automatic reset devices if the automatic restarting of equipment can be
hazardous to personnel or equipment.

WARNING: Be sure the load is properly coupled to the motor shaft before applying power.  The shaft key
must be fully captive by the load device.  Improper coupling can cause harm to personnel or
equipment if the load decouples from the shaft during operation.

WARNING: Use proper care and procedures that are safe during handling, lifting, installing, operating and
maintaining operations.  Improper methods may cause muscle strain or other harm.

WARNING: Thermostat contacts automatically reset when the motor has slightly cooled down. To prevent
injury or damage, the control circuit should be designed so that automatic starting of the motor is
not possible when the thermostat resets.
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Safety Notice  Continued
WARNING: UL Listed motors must only be serviced by UL Approved Authorized Baldor Service Centers if

these motors are to be returned to a hazardous and/or explosive atmosphere.
WARNING: Pacemaker danger − Magnetic and electromagnetic fields in the vicinity of current carrying

carrying conductors and permanent magnet motors can result result in a serious health hazard to
persons with cardiac pacemakers, metal implants, and hearing aids. To avoid risk, stay way from
the area surrounding a permanent magnet motor.

WARNING: Before performing any motor maintenance procedure, be sure that the equipment connected to
the motor shaft cannot cause shaft rotation.  If the load can cause shaft rotation, disconnect the
load from the motor shaft before maintenance is performed. Unexpected mechanical rotation of
the motor parts can cause injury or motor damage.

WARNING: Use only UL/CSA listed explosion proof motors in the presence of flammable or combustible
vapors or dust.

WARNING: Motors that are to be used in flammable and/or explosive atmospheres must display the UL label
on the nameplate along with CSA listed logo.  Specific service conditions for these motors are
defined in NFPA 70 (NEC) Article 500.

WARNING: Guards must be installed for rotating parts such as couplings, pulleys, external fans, and unused
shaft extensions, should be permanently guarded to prevent accidental contact by personnel.
Accidental contact with body parts or clothing can cause serious or fatal injury.

Caution: To prevent premature equipment failure or damage, only qualified maintenance personnel should
perform maintenance.

Caution: Do not over−lubricate motor as this may cause premature bearing failure.
Caution: Do not over tension belts.  Excess tension may damage the motor or driven equipment.
Caution: Do not lift the motor and its driven load by the motor lifting hardware.  The motor lifting hardware

is adequate for lifting only the motor.  Disconnect the load (gears, pumps, compressors, or other
driven equipment) from the motor shaft before lifting the motor.

Caution: If eye bolts are used for lifting a motor, be sure they are securely tightened.  The lifting direction
should not exceed a 20° angle from the shank of the eye bolt or lifting lug.  Excessive lifting
angles can cause damage.

Caution: To prevent equipment damage, be sure that the electrical service is not capable of delivering more
than the maximum motor rated amps listed on the rating plate.

Caution: If a HI POT test (High Potential Insulation test) must be performed, follow the precautions and
procedure in NEMA MG1 and MG2 standards to avoid equipment damage.
If you have any questions or are uncertain about any statement or procedure, or if you require additional
information please contact your Baldor distributor or an Authorized Baldor Service Center.

Receiving Each Baldor Electric Motor is thoroughly tested at the factory and carefully packaged for shipment.  When
you receive your motor, there are several things you should do immediately.
1. Observe the condition of the shipping container and report any damage immediately to the

commercial carrier that delivered your motor.
2. Verify that the part number of the motor you received is the same as the part number listed on your

purchase order.
Handling The motor should be lifted using the lifting lugs or eye bolts provided.
Caution: Do not lift the motor and its driven load by the motor lifting hardware.  The motor lifting hardware

is adequate for lifting only the motor.  Disconnect the load (gears, pumps, compressors, or other
driven equipment) from the motor shaft before lifting the motor.
1. Use the lugs or eye bolts provided to lift the motor.  Never attempt to lift the motor and additional

equipment connected to the motor by this method.  The lugs or eye bolts provided are designed to lift
only the motor.  Never lift the motor by the motor shaft or the hood of a WPII motor.

2. To avoid condensation inside the motor, do not unpack until the motor has reached room temperature.
(Room temperature is the temperature of the room in which it will be installed). 
The packing provides insulation from temperature changes during transportation.

3. When lifting a WPII (Weather Proof Type 2) motor, do not lift the motor by inserting lifting lugs into
holes on top of the cooling hood.  These lugs are to be used for hood removal only.  
A spreader bar should be used to lift the motor by the cast lifting lugs located on the motor frame.
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4. If the motor must be mounted to a plate with the driven equipment such as pump, compressor etc., 
it may not be possible to lift the motor alone.  For this case, the assembly should be lifted by a sling
around the mounting base.  The entire assembly can be lifted as an assembly for installation.
Do not lift the assembly using the motor lugs or eye bolts provided. Lugs or eye bolts are designed to
lift motor only. If the load is unbalanced (as with couplings or additional attachments) additional slings
or other means must be used to prevent tipping.  In any event, the load must be secure before lifting.
If the load is unbalanced (as with couplings or additional attachments) additional slings or other
means must be used to prevent tipping.  In any event, the load must be secure before lifting.

Storage Storage requirements for motors and generators that will not be placed in service for at least six months
from date of shipment.
Improper motor storage will result in seriously reduced reliability and failure. An electric motor that does
not experience regular usage while being exposed to normally humid atmospheric conditions is likely to
develop rust in the bearings or rust particles from surrounding surfaces may contaminate the bearings. 
The electrical insulation may absorb an excessive amount of moisture leading to the motor winding
failure.
A wooden crate “shell” should be constructed to secure the motor during storage. This is similar to an
export box but the sides & top must be secured to the wooden base with lag bolts (not nailed as export
boxes are) to allow opening and reclosing many times without damage to the “shell”.
Minimum resistance of motor winding insulation is 5 Meg ohms or the calculated minimum, which ever is
greater. Minimum resistance is calculated  as follows:    Rm = kV + 1

where: (Rm is minimum resistance to ground in Meg−Ohms and 
kV is rated nameplate voltage defined as Kilo−Volts.)

Example: For a 480VAC rated motor  Rm =1.48 meg−ohms (use 5 MΩ). 
For a 4160VAC rated motor Rm = 5.16 meg−ohms.

Preparation for Storage

1. Some motors have a shipping brace attached to the shaft to prevent damage during transportation.
The shipping brace, if provided, must be removed and stored for future use. The brace must be
reinstalled to hold the shaft firmly in place against the bearing before the motor is moved.

2. Store in a clean, dry, protected warehouse where control is maintained as follows:
a. Shock or vibration must not exceed 2 mils maximum at 60 hertz, to prevent the bearings from

brinelling.  If shock or vibration exceeds this limit vibration isolation pads must be used.
b. Storage temperatures of 10°C (50°F) to 49°C (120°F) must be maintained.
c. Relative humidity must not exceed 60%.
d. Motor space heaters (when present) are to be connected and energized whenever there is a

possibility that the storage ambient conditions will reach the dew point. Space heaters are optional.
Note: Remove motor from containers when heaters are energized, reprotect if necessary.

3. Measure and record the resistance of the winding insulation (dielectric withstand) every 30 days of
storage.
a. If motor insulation resistance decreases below the minimum resistance, contact your Baldor

District office.
b. Place new desiccant inside the vapor bag and re−seal by taping it closed.
c. If a zipper−closing type bag is used instead of the heat−sealed type bag, zip the bag closed

instead of taping it. Be sure to place new desiccant inside bag after each monthly inspection.
d. Place the shell over the motor and secure with lag bolts.

4. Where motors are mounted to machinery, the mounting must be such that the drains and breathers
are fully operable and are at the lowest point of the motor. Vertical motors must be stored in the
vertical position.   Storage environment must be maintained as stated in step 2.
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5. Motors with anti−friction bearings are to be greased at the time of going into extended storage with
periodic service as follows:
a. Motors marked “Do Not Lubricate” on the nameplate do not need to be greased before or during

storage.
b. Ball and roller bearing (anti−friction) motor shafts are to be rotated manually every 3 months and

greased every 6 months in accordance with the Maintenance section of this manual.
c. Sleeve bearing (oil lube) motors are drained of oil prior to shipment. 

The oil reservoirs must be refilled to the indicated level with the specified lubricant, (see
Maintenance). The shaft should be rotated monthly by hand at least 10 to 15 revolutions to
distribute oil to bearing surfaces.

d. “Provisions for oil mist lubrication” – These motors are packed with grease.  Storage procedures
are the same as paragraph 5b.

e. “Oil Mist Lubricated” – These bearings are protected for temporary storage by a corrosion
inhibitor.  If stored for greater than 3 months or outdoor storage is anticipated, connected to the oil
mist system while in storage.  If this is not possible, add the amount of grease indicated under
“Standard Condition” in Section 3, then rotate the shaft 15 times by hand.

6. All breather drains are to be fully operable while in storage (drain plugs removed). The motors must
be stored so that the drain is at the lowest point. All breathers and automatic “T” drains must be
operable to allow breathing and draining at points other than through the bearings around the shaft. 
Vertical motors should be stored in a safe stable vertical position.

7. Coat all external machined surfaces with a rust preventing material. 
An acceptable product for this purpose is Exxon Rust Ban # 392.

Non−Regreaseable Motors
Non−regreasable motors with “Do Not Lubricate” on the nameplate should have the motor shaft rotated
15 times to redistribute the grease within the bearing every 3 months or more often.
All Other Motor Types
Before storage, the following procedure must be performed.
1. Remove the grease drain plug, if supplied, (opposite the grease fitting) on the bottom of each bracket

prior to lubricating the motor.
2. The motor with regreasable bearing must be greased as instructed in Section 3 of this manual.
3. Replace the grease drain plug after greasing.
4. The motor shaft must be rotated a minimum of 15 times after greasing.
5. Motor Shafts are to be rotated at least 15 revolutions manually every 3 months and additional grease

added every nine months (see Section 3) to each bearing.
6. Bearings are to be greased at the time of removal from storage.

Removal From Storage

1. Remove all packing material.
2. Measure and record the electrical resistance of the winding insulation resistance meter at the time of

removal from storage.  The insulation resistance must not be less than 50% from the initial reading
recorded when the motor was placed into storage.  A decrease in resistance indicates moisture in the
windings and necessitates electrical or mechanical drying before the motor can be placed into
service. If resistance is low, contact your Baldor District office.

3. Regrease the bearings as instructed in Section 3 of this manual.
4. Reinstall the original shipping brace if motor is to be moved.  This will hold the shaft firmly against the

bearing and prevent damage during movement.
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Overview Installation should conform to the National Electrical Code as well as local codes and practices. When
other devices are coupled to the motor shaft, be sure to install protective devices to prevent future
accidents. Some protective devices include, coupling, belt guard, chain guard, shaft covers etc. These
protect against accidental contact with moving parts. Machinery that is accessible to personnel should
provide further protection in the form of guard rails, screening, warning signs etc.

Location It is important that motors be installed in locations that are compatible with motor enclosure and ambient
conditions. Improper selection of the motor enclosure and ambient conditions can lead to reduced
operating life of the motor.
Proper ventilation for the motor must be provided. Obstructed airflow can lead to reduction of motor life.
1. Open Drip−Proof/WPI motors are intended for use indoors where atmosphere is relatively clean, dry,

well ventilated and non−corrosive.
2. Totally Enclosed and WPII motors may be installed where dirt, moisture or dust are present and in

outdoor locations.
Severe Duty, IEEE 841 and Washdown Duty enclosed motors are designed for installations with high
corrosion or excessive moisture conditions. These motors should not be placed into an environment
where there is the presence of flammable or combustible vapors, dust or any combustible material, unless
specifically designed for this type of service.
Hazardous Locations are those where there is a risk of ignition or explosion due to the presence of
combustible gases, vapors, dust, fibers, or flyings.   Facilities requiring special equipment for hazardous
locations are typically classified in accordance with local requirements.  In the US market, guidance is
provided by the National Electric Code.

Caution: Do not lift the motor and its driven load by the motor lifting hardware.  The motor lifting hardware
is adequate for lifting only the motor.  Disconnect the load (gears, pumps, compressors, or other
driven equipment) from the motor shaft before lifting the motor.

Mounting The motor must be securely installed to a rigid foundation or mounting surface to minimize vibration and
maintain alignment between the motor and shaft load. Failure to provide a proper mounting surface may
cause vibration, misalignment and bearing damage.
Foundation caps and sole plates are designed to act as spacers for the equipment they support. If these
devices are used, be sure that they are evenly supported by the foundation or mounting surface.
After installation is complete and accurate alignment of the motor and load is accomplished, the base
should be grouted to the foundation to maintain this alignment.
The standard motor base is designed for horizontal or vertical mounting. Adjustable or sliding rails are
designed for horizontal mounting only. Consult your Baldor distributor or authorized Baldor Service Center
for further information.

Alignment Accurate alignment of the motor with the driven equipment is extremely important.   The pulley, sprocket,
or gear used in the drive should be located on the shaft as close to the shaft shoulder as possible.  
It is recommended to heat the pulley, sprocket, or gear before installing on the motor shaft.   
Forcibly driving a unit on the motor shaft will damage the bearings.
1. Direct Coupling

For direct drive, use flexible couplings if possible. Consult the drive or equipment manufacturer for
more information. Mechanical vibration and roughness during operation may indicate poor alignment.
Use dial indicators to check alignment. The space between coupling hubs should be maintained as
recommended by the coupling manufacturer.

2. End-Play Adjustment
The axial position of the motor frame with respect to its load is also extremely important. The motor
bearings are not designed for excessive external axial thrust loads. Improper adjustment will cause
failure.

3. Pulley Ratio
The pulley ratio should not exceed 8:1.

Caution: Do not over tension belts.  Excess tension may damage the motor or driven equipment.
4. Belt Drive

Align sheaves carefully to minimize belt wear and axial bearing loads (see End-Play Adjustment). Belt
tension should be sufficient to prevent belt slippage at rated speed and load. However, belt slippage
may occur during starting.

5. Sleeve bearing motors are only suitable for coupled loads.
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Doweling & Bolting After proper alignment is verified, dowel pins should be inserted through the motor feet into the
foundation. This will maintain the correct motor position should motor removal be required. 
(Baldor motors are designed for doweling.)
1. Drill dowel holes in diagonally opposite motor feet in the locations provided.
2. Drill corresponding holes in the foundation.
3. Ream all holes.
4. Install proper fitting dowels.
5. Mounting bolts must be carefully tightened to prevent changes in alignment. Use a flat washer and

lock washer under each nut or bolt head to hold the motor feet secure. Flanged nuts or bolts may be
used as an alternative to washers.

WARNING: Guards must be installed for rotating parts such as couplings, pulleys, external fans, and unused
shaft extensions, should be permanently guarded to prevent accidental contact by personnel.
Accidental contact with body parts or clothing can cause serious or fatal injury.

Guarding Guards must be installed for rotating parts such as couplings, pulleys, external fans, and unused shaft
extensions. This is particularly important where the parts have surface irregularities such as keys, key
ways or set screws.   Some satisfactory methods of guarding are:
1. Covering the machine and associated rotating parts with structural or decorative parts of the driven

equipment.
2. Providing covers for the rotating parts. Covers should be sufficiently rigid to maintain adequate

guarding during normal service.
Power Connection Motor and control wiring, overload protection, disconnects, accessories and grounding should

conform to the National Electrical Code and local codes and practices. Flying leads must be insulated with
two full wraps of electrical grade insulating tape or heat shrink tubing.

Conduit Box For ease of making connections, an oversize conduit box is provided. 
The box can be rotated 360° in 90° increments. 
Auxiliary conduit boxes are provided on some motors for accessories such as space heaters, RTD’s etc.

AC Power Connect the motor leads as shown on the connection diagram located on the name plate or inside the
cover on the conduit box. Be sure the following guidelines are met:

1. AC power is within ±10% of rated voltage with rated frequency. (See motor name plate for ratings). 
OR

2. AC power is within ±5% of rated frequency with rated voltage. 
OR

3. A combined variation in voltage and frequency of ±10% (sum of absolute values) of rated values,
provided the frequency variation does not exceed ±5% of rated frequency.

Performance within these voltage and frequency variations are shown in Figure 2-2.
Figure 2-1 Accessory Connections 

One heater is installed in each end of motor. 
Leads for each heater are labeled H1 & H2. 
(Like numbers should be tied together).

Three thermistors are installed in windings and tied in series.
Leads are labeled T1 & T2.

Winding RTDs are installed in windings (2) per phase. 
Each set of leads is labeled W1, W2, W3, W4, W5, & W6.

* One bearing RTD is installed in Drive endplate (PUEP), leads 
are labeled RTDDE. 

* One bearing RTD is installed in Opposite Drive endplate (FREP), leads 
are labeled RTDODE.

* Note RTD may have 2−Red/1−White leads; or 2−White/1−Red Lead.
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Figure 2-2 Typical Motor Performance VS Voltage Variations
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Rotation All three phase motors are reversible. To reverse the direction of rotation, disconnect and lock out power
and interchange any two of the three line leads for three phase motors. For single phase motors, check
the connection diagram to determine if the motor is reversible and follow the connection instructions for
lead numbers to be interchanged. Not all single phase motors are reversible.
Adjustable Frequency Power Inverters used to supply adjustable frequency power to induction motors
produce wave forms with lower order harmonics with voltage spikes superimposed. Turn−to−turn,
phase−to−phase, and ground insulation of stator windings are subject to the resulting dielectric stresses.
Suitable precautions should be taken in the design of these drive systems to minimize the magnitude of
these voltage spikes. Consult the drive instructions for maximum acceptable motor lead lengths, and
proper grounding.
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First Time Start Up Be sure that all power to motor and accessories is off. Be sure the motor shaft is disconnected from
the load and will not cause mechanical rotation of the motor shaft.
1. Make sure that the mechanical installation is secure. All bolts and nuts are tightened etc.
2. If motor has been in storage or idle for some time, check winding insulation integrity.
3. Inspect all electrical connections for proper termination, clearance, mechanical strength and electrical

continuity.
4. Be sure all shipping materials and braces (if used) are removed from motor shaft.
5. Manually rotate the motor shaft to ensure that it rotates freely.
6. Replace all panels and covers that were removed during installation.
7. Momentarily apply power and check the direction of rotation of the motor shaft.
8. If motor rotation is wrong, be sure power is off and change the motor lead connections. 

Verify rotation direction before you continue.
9. Start the motor and ensure operation is smooth without excessive vibration or noise. 

If so, run the motor for 1 hour with no load connected.
10. After 1 hour of operation, disconnect power and connect the load to the motor shaft. Verify all

coupling guards and protective devices are installed. Ensure motor is properly ventilated.
Coupled Start Up This procedure assumes a coupled start up. Also, that the first time start up procedure was

successful.
1. Check the coupling and ensure that all guards and protective devices are installed.
2. Check that the coupling is properly aligned and not binding.
3. The first coupled start up should be with no load. Apply power and verify that the load is not

transmitting excessive vibration back to the motor though the coupling or the foundation. Vibration
should be at an acceptable level.

4. Run for approximately 1 hour with the driven equipment in an unloaded condition.
The equipment can now be loaded and operated within specified limits. Do not exceed the name plate
ratings for amperes for steady continuous loads.

Jogging and Repeated Starts Repeated starts and/or jogs of induction motors generally reduce the life of the motor
winding insulation. A much greater amount of heat is produced by each acceleration or jog than by the
same motor under full load. If it is necessary to repeatedly start or jog the motor, it is advisable to check
the application with your local Baldor distributor or Baldor Service Center.
Heating - Duty rating and maximum ambient temperature are stated on the motor name plate. 
Do not exceed these values. If there is any question regarding safe operation, contact your local Baldor
District Office or Baldor Service Center.
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WARNING: UL Listed motors must only be serviced by UL Approved Authorized Baldor Service Centers if
these motors are to be returned to a hazardous and/or explosive atmosphere.

General Inspection Inspect the motor at regular intervals, approximately every 500 hours of operation or every 3
months, whichever occurs first.  Keep the motor clean and the ventilation openings clear.  The following
steps should be performed at each inspection:

WARNING: Do not touch electrical connections before you first ensure that power has been disconnected.
Electrical shock can cause serious or fatal injury.  Only qualified personnel should attempt the
installation, operation and maintenance of this equipment.
1. Check that the motor is clean.  Check that the interior and exterior of the motor is free of dirt, oil,

grease, water, etc.  Oily vapor, paper pulp, textile lint, etc. can accumulate and block motor
ventilation.  If the motor is not properly ventilated, overheating can occur and cause early motor
failure.

2. Use a “Megger” periodically to ensure that the integrity of the winding insulation has been
maintained.  Record the Megger readings.  Immediately investigate any significant drop in insulation
resistance.

3. Check all electrical connectors to be sure that they are tight.
Relubrication & Bearings Bearing grease will lose its lubricating ability over time, not suddenly.  The lubricating

ability of a grease (over time) depends primarily on the type of grease, the size of the bearing, the speed
at which the bearing operates and the severity of the operating conditions.  Good results can be obtained
if the following recommendations are used in your maintenance program.

Type of Grease A high grade ball or roller bearing grease should be used.  Recommended grease for standard
service conditions is Polyrex EM (Mobil).    Do not mix greases unless compatibility has been
checked and verified.

Equivalent and compatible greases include:
Texaco Polystar, Rykon Premium #2, Pennzoil Pen 2 Lube and Chevron SRI.

Relubrication Intervals Recommended relubrication intervals are shown in Table 3-1. It is important to realize that
the recommended intervals of Table 3-1 are based on average use.  

Refer to additional information contained in Tables 3-2, 3-3 and 3-4.

Table 3-1  Relubrication Intervals *

NEMA / (IEC) Frame Size
Rated Speed - RPM

10000 6000 3600 1800 1200 900
Up to 210 incl. (132) ** 2700 Hrs. 5500 Hrs. 12000 Hrs. 18000 Hrs. 22000 Hrs.
Over 210 to 280 incl. (180) ** 3600 Hrs. 9500 Hrs. 15000 Hrs. 18000 Hrs.
Over 280 to 360 incl. (225) ** * 2200 Hrs. 7400 Hrs. 12000 Hrs. 15000 Hrs.
Over 360 to 5800 incl. (300) ** *2200 Hrs. 3500 Hrs. 7400 Hrs. 10500 Hrs.

* Relubrication intervals are for ball bearings.  
For vertically mounted motors and roller bearings, divide the relubrication interval by 2.

** For motors operating at speeds greater than 3600 RPM, contact Baldor for relubrication recommendations.
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Table 3-2  Service Conditions

Severity of Service Hours per day
of Operation

Ambient Temperature
Maximum

Atmospheric
Contamination

Standard 8 40° C Clean, Little Corrosion
Severe 16 Plus 50° C Moderate dirt, Corrosion
Extreme 16 Plus >50° C* or 

Class H Insulation
Severe dirt, Abrasive dust, Corrosion, Heavy

Shock or Vibration
Low Temperature <−29° C **

* Special high temperature grease is recommended (Dow Corning DC44).  Note that Dow Corning DC44 grease does
not mix with other grease types. Thoroughly clean bearing & cavity before adding grease.

** Special low temperature grease is recommended (Aeroshell 7).

Table 3-3  Relubrication Interval Multiplier

Severity of Service Multiplier
Standard 1.0
Severe 0.5
Extreme 0.1

Low Temperature 1.0

Some motor designs use different bearings on each motor end.  This is normally indicated on the motor nameplate.  
In this case, the larger bearing is installed on the motor Drive endplate.  For best relubrication results, only use the
appropriate amount of grease for each bearing size (not the same for both).

Table 3-4  Bearings Sizes and Types

Frame Size
NEMA (IEC)

Bearing Description
(These are the “Large” bearings (Shaft End) in each frame size)

Bearing
Weight of Grease to

add *
oz (Grams)

Volume of grease
to be added

in3 teaspoon
56 to 140 (90) 6203 0.08 (2.4) 0.15 0.5

140 (90) 6205 0.15 (3.9) 0.2 0.8
180 (100−112) 6206 0.19 (5.0) 0.3 1.0

210 (132) 6307 0.30 (8.4) 0.6 2.0
250 (160) 6309 0.47 (12.5) 0.7 2.5
280 (180) 6311 0.61 (17) 1.2 3.9
320 (200) 6312 0.76 (20.1) 1.2 4.0
360 (225) 6313 0.81 (23) 1.5 5.2
400 (250) 6316 1.25 (33) 2.0 6.6
440 (280) 6319 2.12 (60) 4.1 13.4

5000 to 5800 (315−450) 6328 4.70 (130) 9.2 30.0
5000 to 5800 (315−450) NU328 4.70 (130) 9.2 30.0
360 to 449 (225−280) NU319 2.12 (60) 4.1 13.4

AC Induction Servo
76 Frame 180 (112) 6207 0.22 (6.1) 0.44 1.4
77 Frame 210 (132) 6210 0.32 (9.0) 0.64 2.1
80 Frame  250(160) 6213 0.49 (14.0) 0.99 3.3

* Weight in grams = .005 DB
of grease to 
be added

Note: Not all bearing sizes are listed.  For intermediate bearing sizes, use the grease volume for the next
larger size bearing.
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Maintenance & Troubleshooting 3-3MN400

Caution: To avoid damage to motor bearings, grease must be kept free of dirt.  For an extremely dirty
environment, contact your Baldor distributor or an authorized Baldor Service Center for
additional information.

Relubrication Procedure Be sure that the grease you are adding to the motor is compatible with the grease already
in the motor.  Consult your Baldor distributor or an authorized service center if a grease other than the
recommended type is to be used.

Caution: Do not over−lubricate motor as this may cause premature bearing failure.
With Grease Outlet Plug
1. With the motor stopped, clean all grease fittings with a clean cloth.
2. Remove grease outlet plug.

Caution: Over−lubricating can cause excessive bearing temperatures, premature lubrication breakdown
and bearing failure.
3. Add the recommended amount of grease.
4. Operate the motor for 15 minutes with grease plug removed.  

This allows excess grease to purge.
5. Re-install grease outlet plug.
Without Grease Provisions
Note: Only a Baldor authorized and UL or CSA certified service center can disassemble a UL/CSA

listed explosion proof motor to maintain it’s UL/CSA listing.
1. Disassemble the motor.
2. Add recommended amount of grease to bearing and bearing cavity.  (Bearing should be about 1/3

full of grease and outboard bearing cavity should be about 1/2 full of grease.)
3. Assemble the motor.

Sample Relubrication Determination

Assume - NEMA 286T (IEC 180), 1750 RPM motor driving an exhaust fan in an ambient temperature of
43° C and the atmosphere is moderately corrosive.
1. Table 3-1 list 9500 hours for standard conditions.
2. Table 3-2 classifies severity of service as “Severe”.
3. Table 3-4 shows that 1.2 in3 or 3.9 teaspoon of grease is to be added.
Note: Smaller bearings in size category may require reduced amounts of grease.
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Section 1
General Information

3-4 Maintenance & Troubleshooting MN400

Table 3-5  Troubleshooting Chart

Symptom Possible Causes Possible Solutions
Motor will not start Usually caused by line trouble, such

as, single phasing at the starter.
Check source of power.  Check overloads, fuses,
controls, etc.

Excessive humming High Voltage. Check input line connections.
Eccentric air gap. Have motor serviced at local Baldor service center.

Motor Over Heating Overload. Compare actual amps
(measured) with nameplate rating.

Locate and remove source of excessive friction in
motor or load.
Reduce load or replace with motor of greater capacity.

Single Phasing. Check current at all phases (should be approximately
equal) to isolate and correct the problem.

Improper ventilation. Check external cooling fan to be sure air is moving
properly across cooling fins.
Excessive dirt build-up on motor. Clean motor.

Unbalanced voltage. Check voltage at all phases (should be approximately
equal) to isolate and correct the problem.

Rotor rubbing on stator. Check air gap clearance and bearings.
Tighten “Thru Bolts”.

Over voltage or under voltage. Check input voltage at each phase to motor.
Open stator winding. Check stator resistance at all three phases for

balance.
Grounded winding. Perform dielectric test and repair as required.
Improper connections. Inspect all electrical connections for proper

termination, clearance, mechanical strength and
electrical continuity. Refer to motor lead connection
diagram.

Bearing Over Heating Misalignment. Check and align motor and driven equipment.
Excessive belt tension. Reduce belt tension to proper point for load.
Excessive end thrust. Reduce the end thrust from driven machine.
Excessive grease in bearing. Remove grease until cavity is approximately 3/4 filled.
Insufficient grease in bearing. Add grease until cavity is approximately 3/4 filled.
Dirt in bearing. Clean bearing cavity and bearing. Repack with correct

grease until cavity is approximately 3/4 filled.
Vibration Misalignment. Check and align motor and driven equipment.

Rubbing between rotating parts and
stationary parts.

Isolate and eliminate cause of rubbing.

Rotor out of balance. Have rotor balance checked are repaired at your
Baldor Service Center.

Resonance. Tune system or contact your Baldor Service Center
for assistance.

Noise Foreign material in air gap or
ventilation openings.

Remove rotor and foreign material. Reinstall rotor.
Check insulation integrity. Clean ventilation openings.

Growling or whining Bad bearing. Replace bearing. Clean all grease from cavity and
new bearing.   Repack with correct grease until cavity
is approximately 3/4 filled.
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Maintenance & Troubleshooting 3-5MN400

Suggested bearing and winding RTD setting guidelines
Most large frame AC  Baldor motors with a 1.15 service factor are designed to operate below a Class B
(80°C) temperature rise at rated load and are built with a Class H winding insulation system.  Based on
this low temperature rise, RTD (Resistance Temperature Detectors) settings for Class B rise should be
used as a starting point.  Some motors with 1.0 service factor have Class F temperature rise.
The following tables show the suggested alarm and trip settings for RTDs.  Proper bearing and winding
RTD alarm and trip settings should be selected based on these tables unless otherwise specified for
specific applications.
If the driven load is found to operate well below the initial temperature settings under normal conditions,
the alarm and trip settings may be reduced so that an abnormal machine load will be identified.
The temperature limits are based on the installation of the winding RTDs imbedded in the winding as
specified by NEMA.  Bearing RTDs should be installed so they are in contact with the outer race on ball
or roller bearings or in direct contact with the sleeve bearing shell.

Winding RTDs − Temperature Limit In �C (40�C Maximum Ambient)

Motor Load
Class B Temp Rise � 80°C

(Typical  Design) Class F Temp Rise � 105°C Class H Temp Rise � 125°C

Alarm Trip Alarm Trip Alarm Trip
� Rated Load 130 140 155 165 175 185
Rated Load 
to 1.15 S.F.

140 150 160 165 180 185

Note: � Winding RTDs are factory production installed, not from Mod−Express.
� When Class H temperatures are used, consider bearing temperatures and relubrication requirements.

Bearing RTDs − Temperature Limit In �C (40�C Maximum Ambient)

Bearing Type
Oil or Grease

Anti−Friction Sleeve
Alarm Trip Alarm Trip

Standard* 95 100 85 95
High Temperature** 110 115 105 110

Note: *   Bearing temperature limits are for standard design motors operating at Class B temperature rise.
**  High temperature lubricants include some special synthetic oils and greases.

Greases that may be substituted that are compatible with Polyrex EM (but considered as “standard” lubricants)
include the following: 
− Texaco Polystar − Rykon Premium #2 − Chevron SRI #2
− Mobilith SHC−100 − Pennzoil Pennzlube EM−2 − Chevron Black Pearl
− Darmex 707 − Darmex 711 − Petro−Canada Peerless LLG

See the motor nameplate for replacement grease or oil recommendation.  
Contact Baldor application engineering for special lubricants or further clarifications.
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 6. DISSOLVED AIR FLOTATION (DAF) SYSTEM  
 
      G. DISSOLVED AIR SYSTEM (Nikuni pump) COMPONENTS 
 
i. Nikuni pump disconnect  
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www. hubbell-wiring.com

NEMA 4X Disconnect Switches
"Suitable as Motor Disconnects"

  Safely Terminate Power at any Point in the 
Circuit.

  Flexible Disconnect Placement.

Side activated highly visible red handle.

Safety features. 
Switch can only be turned "ON" with cover closed. 
Fuses can only be accessed with switch in the off position.

Compact fused disconnect switch. 
Accepts Class "J" fuses.

Safety interlocked fuse access door. 
Quick, easy access to fuses.

VALOX® enclosure.
  For impact and chemical 
   resistance.

Identified drill locations. 
  Enables custom placement of 
   wire entry.

Up to two optional auxiliary 
contacts. 
  For PLCs and external indicators.

Ample wiring room for drip 
loops. 

Adjustable external mounting 
feet.

Internal frame bonds all grounds. 
For use with plastic or metallic conduit.

Front activated pistol handle grip. 
Minimizes side space clearance.

Interlocking shaft and handle. 
Prevents cover removal in "ON" position.

SHARED FEATURES

VALOX® is a registered trademark of General Electric Company (GE).

HBLDS3

FDS30

9
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www. hubbell-wiring.com

NEMA 4X Disconnect Switches
"Suitable as Motor Disconnects"

Dimensional Drawings

NEMA 4X Switched Enclosure, Unfused
Order Information
Used primarily in heavy wash-down and corrosive environments.

NEMA 4X Switched Enclosure, Fused Disconnect
Order Information
Used primarily in heavy wash-down and corrosive environments.

HBLDS3

HBLAC1

     30A   60A/100A 
Key inch (mm) inch (mm)

A 6.00  152 7.75  197

B 5.12  130 6.87  175

C 4.12  105 4.75  121

D 6.62  168 8.00  203

E 7.62  194 9.95  253

F 8.50  216 11.00  279

G 4.12  105 5.94  151

15.03"
(381.8)

7.27"
(184.7)

8.43"
(214.1)

G

11.46"
(291.6)

A
B

C

D
E

F

 .87"
(22.1)

ON

OFF

               
           HP Rating  Catalog  
Description 120V AC 240V AC 480V AC 600V AC Numbers
30A Disconnect switch 1 7.5 15 15 HBLDS3 
30A Disconnect switch w/aux. contact 1 7.5 15 15 HBLDS3AC 
60A Disconnect Switch 7.5 30 50 50 HBLDS6 
60A Disconnect switch w/aux. contact 7.5 30 50 50 HBLDS6AC 
100A Disconnect Switch 7.5 30 50 50 HBLDS10 
100A Disconnect switch w/aux. contact 7.5 30 50 50 HBLDS10AC 
Aux. contact, break after break — — — — HBLAC1 
Aux. contact, break before break — — — — HBLAC2 
Ground block (30A switch) — — — — HBL30RGB 
Ground block (60A and 100A switch) — — — — HBL60100RGB
Neutral block (30A switch) — — — — HBL30RNB 
Neutral block (60A switch) — — — — HBL60RNB 
Neutral block (100A switch) — — — — HBL100RNB 
Replacement 30A switch — — — — HBLDS3RS 
Replacement 60A and 100A switch — — — — HBLDS60100RS

Specifications
 Electrical Performance
 Dielectric Voltage 3,000V AC minimum
 Electrical Life  6,000  Cycles at rated switch parameters
 Max Working Voltage 600V AC RMS
 Short Circuit  Use on a circuit capable of delivering not 
 Withstand Rating  more than 10,000 symmetrical amperes 
 as Motor Disconnect (for HBL series 600V AC max) (for FDS  
  and ACFSN series - at a voltage rating  
  when protected by Class “J” fuses)
 Mechanical 
 Mechanical Life 10,000 minimum cycles
  Amps AWG Min. AWG Max.
 Terminal  30  #14   #10 
 Accommodations 60A    #14   #  4  
  100A
 Terminal Torque 30A 20 inch pounds 
  60A 25 inch pounds 
  100A 25 inch pounds
 Impact Resistance UL746C
 Environmental
 Flammability UL94-5VA and V0 Classification
 Operating Temp. Max. continuous  75 °C  
  Min. continuous -40 °C 
 Listings 
 UL 508 Industrial Control Equipment File #E70402 
 CSA-C22.2 No.14 Industrial Control Equipment  
  File # LR-46186

               
           HP Rating  Catalog  
Description 120V AC 240V AC 480V AC 600V AC Numbers
30A Disconnect switch 2 7.5 15 20 FDS30 
60A Disconnect switch  3 15 30 40 FDS60
Aux. contact, norm. open, A600 pilot duty — — — — ACFSNO
Aux. contact, norm. closed, A600 pilot duty — — — — ACFSNC

FDS30

Fused

Unfused

10
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www. hubbell-wiring.com

Catalog                             HP 
Numbers Amps Description Phase Poles 120 240 480 600

HBL1372D 30 NEMA 1 Aluminum 1 2 2 5 10 15 

HBL1379D 30 NEMA 1 Aluminum 3 3 3 7.5 15 20 

HBL1392D 30 NEMA 1 Plastic 1 2 2 5 10 15 

HBL1389D 30 NEMA 1 Plastic 3 3 3 7.5 15 20 

HBL13R22D 30 NEMA 3/3R Plastic 1 2 2 5 10 15 

HBL13R23D 30 NEMA 3/3R Plastic 3 3 3 7.5 15 20 

HBL13R12D 30 NEMA 3R Die Cast Aluminum 1 2 2 5 10 15 

HBL13R13D 30 NEMA 3R Die Cast Aluminum 3 3 3 7.5 15 20 

HBL13R92D 30 NEMA 3R Aluminum 1 2 2 5 10 15 

HBL13R89D 30 NEMA 3R Aluminum 3 3 3 7.5 15 20 

HBL16R92D 60 NEMA 3R Aluminum 1 2 — 10 15 20 

HBL16R93D 60 NEMA 3R Aluminum 3 3 — 10 25 30 

HBLDS3 30 NEMA 4X Non-Metallic 3 3 1 7.5 15 15 

HBLDS6 60 NEMA 4X Non-Metallic 3 3 7.5 30 50 50 

HBLDS10 100 NEMA 4X Non-Metallic 3 3 7.5 30 50 50 

HBL13S33D 30 NEMA 4X Stainless Steel 3 3 3 7.5 15 20 

HBL16S63D 60 NEMA 4X Stainless Steel 3 3 — 10 25 30 

FDS30 30 NEMA 4X Non-Metallic Fused Disconnect 3 3 2 7.5 15 20 

FDS60 60 NEMA 4X Non-Metallic Fused Disconnect 3 3 3 15 30 40 

         

Catalog                             HP 
Numbers Amps Description Phase Poles 120 240 480 600

HBL7832D 30 Toggle Switch 1 2 2 5 10 15 

HBL7832DS 30 Short Toggle Switch 1 2 2 5 10 15 

HBL7810D 30 Toggle Switch 3 3 3 7.5 15 20 

HBL7810DS 30 Short Toggle Switch 3 3 3 7.5 15 20 

HBL7842D 40 Toggle Switch 1 2 2 5 10 15 

HBL7843D 40 Toggle Switch 3 3 3 7.5 15 20 

HBL7852D 50 Toggle Switch 1 2 2 5 10 15 

HBL7853D 50 Toggle Switch 3 3 3 7.5 15 25 

HBLFG30 — Finger guard (30-50A Switches)       

HBL7862D 60 Toggle Switch 1 2 — 10 15 20 

HBL7863D 60 Toggle Switch 3 3 — 10 25 30 

HBL7862FWD 60 Toggle Switch - Front Wire 1 2 — 10 15 20 

HBL7863FWD 60 Toggle Switch - Front Wire 3 3 — 10 25 30 

HBL7882D 85 Toggle Switch  1 2 — 10 15 20 

HBL7883D 85 Toggle Switch  3 3 — 10 25 40 

Toggle Switches

Toggle Switches in Enclosures

QUICK REFERENCE

HBL7810D

HBL7853D

HBL7863D

HBL13R92D

FDS30

HBLDS3

HBL13S33D

HBL1379D

Hubbell's CIRCUIT-LOCK®

Manual Motor Controllers "Suitable as Motor Disconnects"

H5184
Printed In U.S.A.  Specifications subject to change without notice.  
® Registered trademark of Hubbell Incorporated.   CIRCUIT-LOCK® is a Registered trademark of Hubbell Wiring Device-Kellems.          

Hubbell Incorporated (Delaware) • 185 Plains Road • Milford, CT 06460-2420 • (203) 882-4800 • FAX (800) 255-1031
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 6. DISSOLVED AIR FLOTATION (DAF) SYSTEM  
 
      G. DISSOLVED AIR SYSTEM (Nikuni pump) COMPONENTS 
 
j. Effluent box level switch (Tag ID: LS111) 
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Ideal for side wall or top mount • 
 
Ideal for coating liquids • 

Great for waste water applications• 

Guard circuit optimizes performance in coating type • 
media 

Submersible polypropylene sensor body and cable • 
for corrosive liquids 

60VA relay selectable NO or NC via power supply • 
wiring polarity 

Compatible with Smart Trak and Switch-Pak • 
installation fittings

Switch-Tek   LP15 Guard Capacitance Level Switch
®

© 2010 Flowline Inc.   •   10500 Humbolt Street Los Alamitos, CA 90720   •   562.598.3015   •   www.flowline.com   •   DS150412 REV A

Features Key Benefits

The general purpose guard capacitance point level 
switch provides reliable high or low liquid level detec-
tion of water based conductive liquids with light coat-
ing, crystallizing or scaling characteristics with a 1A 
relay output. Media examples include copper sulfate 
and brine. The RF guard circuit eliminates the coating 
signal path between the active and reference elec-
trodes. The submersible polypropylene liquid level 
sensor is universally mounted through non-metallic 
tank walls or inside the tank as a high level alarm or 
low level alarm.

Application

Compatible Products

LC4X

Switch-Pro™  
Remote Level Controller

IP
68

™

LC4X

Switch-Pro™  
Compact Level Controller

LC1X

The general purpose level controller is offered in two configurations for pump and 
valve control. The LC10 accepts one level sensor input and provides one 16A relay 
for high level control or low level control. The LC11 accepts two level sensor inputs 
and provides one latching 16A relay for automatic fill or empty control. The optional 
flash alarm brings attention to level alarm conditions. Package this level controller 
with our liquid level switch sensors and fittings.

Application

Available in general purpose classification, the level controller is offered in three 
configurations for pump and valve control. The LC40 accepts one level sensor input 
and provides one 10A relay. The LC41 accepts two level sensor inputs and provides 
one latching 10A relay for automatic fill or empty control. The LC42 accepts three 
level sensor inputs with one latching 10A relay output for automatic fill or empty 
control, and a second non-latching 10A relay for high level alarm or low level alarm. 
For field mount installation, add a single or dual indicator NEMA box.

Application
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Switch-Tek    LP15 Guard Capacitance Level Switch
®

© 2010 Flowline Inc.   •   10500 Humbolt Street Los Alamitos, CA 90720   •   562.598.3015   •   www.flowline.com   •   DS150412 REV A

To special order a 25’ (7.6m) or 50’ (15.2 m)  1) 
 level sensor cable, place the cable length at 
 the end of the part number (ie: LP15-1405- 
 25’). Add $20 for 25’ (7.6m) or $40 for 50’  
 (15.2m) to the price.

The metric level sensor has straight G threads  2) 
 on the sensing side and conical Rp threads on  
 the cable side of the wrench flat. 

Specifications

Orientation:    Universal

Accuracy:   ± 1mm in water

Repeatability:   ± 0.5mm in water

Dielectric range:   > 20 constants

Conductive range: > 100 μ

Supply voltage:   12-36 VDC

Consumption:   25 mA maximum

Contact type:   (1) SPST relay

Contact rating:   60 VA, 1A maximum

Contact output:   Selectable NO / NC

Process temp:   F: -40° to 176°

   C: -40° to 80°

Pressure:   150 psi (10 bar) @ 25º

   C., derated @ 1.667

   psi (0.113 bar) per ºC.

   above 25º C.

Sensor rating:   NEMA 6 (IP68)

Sensor material:    Polypropylene

Cable jack. mat.:   Polypropylene

Cable type:   4-conductor, shielded  

  #22 AWG

Cable length:   10’ (3m)

Process mount:   3/4” NPT (3/4” G)

Mount. gasket:   Viton® (G version only)

Classification:   General purpose

Compliance:  CE

Notes

Ordering

Dimensions

Fittings

P/N          Description 
Switch-Pak Single-Point Switch Fitting
LM45-7001   2” NPT Plug, 3/4” NPT Adapter & Nipple, PVC
LM45-1001   2” NPT Plug, 3/4” NPT Adapter & Nipple, PP
LM45-5001   2” NPT Plug, 3/4” NPT Adapter & Nipple, PVDF         

Smart Trak Multi-Point Switch Fitting
LM10-1201   2’ Track, 2” NPT Plug, 3/4” NPT Nipple, PP
LM10-1401   4’ Track, 2” NPT Plug, 3/4” NPT Nipple, PP
LM10-1601   6’ Track, 2” NPT Plug, 3/4” NPT Nipple, PP
LM10-1801   8’ Track, 2” NPT Plug, 3/4” NPT Nipple, PP
LM10-1001   10’ Track, 2” NPT Plug, 3/4” NPT Nipple, PP
LM10-1101   1m Track, 2” NPT Plug, 3/4” NPT Nipple, PP
LM10-1301   2m Track, 2” NPT Plug, 3/4” NPT Nipple, PP
LM10-1701   3m Track, 2” NPT Plug, 3/4” NPT Nipple, PP
 
Smart Trak Level Switch Car Kit
LM30-1001 Switch Car Kit, 3/4” NPT, Polypropylene
LM30-1061 Switch Car Kit, 3/4” Rp, Polypropylene
LM52-2890 2” NPT Bulkhead Fitting, PVC
 
Side-Mount Bracket
LM50-1001 2” NPT Bracket, Polypropylene

For optimum performance, install the level sensor using the below 
recommended or direct equivalent fittings.
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Process mount (1) (2)
 0   NPT (US)
 2   G / Rp (Metric)

  LP15-14    5
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  6. DISSOLVED AIR FLOTATION (DAF) SYSTEM  
 
      H. TOP SLUDGE REMOVAL SYSTEM COMPONENTS 
 
a. Rake gear box & motor (Tag ID: R121) 
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CB

PB

IB

Helical Bevel Geared Motors and Helical Bevel Geared Units     B

101101
24
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B     Ve r s i o n s

Triple Stage
Hollow Output Bore

Triple Stage
Solid Output Shaft

Triple Stage
Shrink Disk Mount

102

Triple Stage
Flange Mount

102
25

Triple Stage
Flange Mount
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103

Nomenclature     B

1. Style
CB
Helical Bevel Gearmotor Motovario three-phase integral
motor is permanently attached to the reducer. The motor
and the reducer are supplied together.

PB
Helical Bevel Gear Reducer with Input Coupling C - f a c e -
type input flange allows the reducer to accept standard
N E M A and IEC motors with c-face adapters. The motor
shaft is coupled to the reducer using a two-piece coupling.
Motors are supplied separately from the gear reducers.

IB
Helical Bevel Gear Reducer with Input Shaft Inch-
standard or metric dimensioned input shaft allows for
standard sprocket or pulley attachment, direct motor
coupling or other types of free input.

2. Size
Three Stage Reduction 083

103
123
143
153

3. Output Style
U Universal

Includes machined housing faces for foot mounting
the reducer or for optional mounting flanges.

C Hollow output bore
D Single extension output shaft, right side (all side

references are viewed from input)
S Single extension output shaft, left side
P Double extension output shaft
L Shrink disk mounting, right side bore
M Shrink disk mounting, left side bore

4. Output Mounting Flange — FA, FB, FC
Helical Bevel units have different output flange choices,
depending on the size of the gear reducer. Output
mounting flanges are optional accessories that bolt
directly on to the reducer housing. Please refer to the
dimensional drawings for details.

5. Output Flange Position
Please refer to page 105 for output flange mounting
position specifications.

6. Reduction Ratio
The reduction ratio determines the output speed of the
reducer. Ratios will vary depending on the size of the
reducer. For a list of reduction ratios, please refer to
pages 106-110 or 112-128.

7. Input Type
T
Three Phase Integral Motor CB units are supplied with
Motovario three-phase motors. Please check motor size
compatibility on pages 106-110.

P
IEC Input Coupling PB units supplied with IEC standard
motor inputs must specify the frame size of the mounted
motor. SmartBox™ units are only available with the B5
style IEC input flange. Please check input flange
availability on pages 106-110.

N
NEMA Input Coupling PB units supplied with NEMA
standard c-face motor inputs must specify the frame size
of the mounted motor. Please check input flange
availability on pages 106-110.

UB
Input Shaft Please specify the diameter of the input shaft
in inches or millimeters. Input shaft sizes are specified on
the gear reducer dimension pages, 146-155.

8. Integral Motor Description
Description of Motor Frame Size, Power and Speed
The motor frame size, power and speed must be
specified when ordering a CB style SmartBox™. Please
check the gearmotor ratings on pages 130-145 for
gearmotor specifications.
or
Input Coupling Frame Size The motor frame size, either
IEC or NEMA, must be specified when ordering a PB
style SmartBox™. Please check with the motor supplier
for the correct frame size.

9. Motor Mounting Position
Integral Motors The motor mounting position is specified
only when ordering the SmartBox™ CB style units. The
motor mounting position indicates the position of the
terminal box and the wire strain relief connection. The
motor mounting position always relates to the gear
reducer in position B3. Please refer to page 104 for motor
mounting position specifications.

10. Output Shaft Diameter
Specify the diameter of the output shaft in inches or
millimeters. Output shaft sizes are specified on the gear
reducer dimension pages, 146-155.

11. Reducer Mounting Position
The mounting position of the gear reducer or gearmotor
must be specified when ordering for the proper placement
of the sight glass and lubrication amount. Please refer to
page 104 for mounting positions.

CB 083 UC FB 1 39.60 T 90S4 Pos2 1.500 B3
1 2 3 4 5 6 7 8 9 10 11

103
26

PB123C-FB1-180.40N 155

155



Flange Positions     B

105

Direction of Rotation     B

Helical bevel gear reducers are supplied
with standard rotation:

Direction 1: standard when output 
is configured as C, D, P
or L (see page 103)

Direction 2: standard when output 
is configured as S or M
(see page 103)

Motovario helical bevel gear reducers
can run in either direction. However, the
standard direction of output rotation can
be reversed. Please specify “Opposite
Standard Rotation” when ordering.

105

Output Styles     B
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B     Input Ty p e s

CB-PB…123

NEMA reducers available with c-face input only.
B5: Indicates IEC motor mount is available.
B11: Indicates integral IEC motor is available.

108
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B     Gear Reducer Ratings – Input Speed 1750 RPM

Maximum Torque
in lbs

Output Speed
RPM

Exact
Ratio

i
Maximum Power

HP

OHL
Output Shaft  Input Shaft

lbs. lbs.

Gear Reducer
Motorized Input   Shaft Input

13272 220 7.97 51.4 3504 575 PB123 IB123
15927 182 9.62 51.1 3518 578 PB123 IB123
17696 169 10.33 52.8 3440 566 PB123 IB123
17696 140 12.48 43.8 3794 624 PB123 IB123
18581 126 13.84 41.4 3895 638 PB123 IB123
18581 114 15.38 37.3 4109 664 PB123 IB123
19466 94 18.58 32.3 4409 696 PB123 IB123
22120 85 20.61 33.1 4332 691 PB123 IB123
24775 77 22.78 33.6 4255 688 PB123 IB123
24775 68 25.89 29.5 4563 713 PB123 IB123
24775 64 27.51 27.8 4714 724 PB123 IB123
24775 57 30.79 24.8 5002 743 PB123 IB123
24775 56 31.26 24.5 5042 745 PB123 IB123
24775 50 34.68 22.0 5318 760 PB123 IB123
24775 43 40.53 18.9 5752 780 PB123 IB123
26544 39 44.89 18.2 5841 784 PB123 IB123
28314 35 49.80 17.5 5946 789 PB123 IB123
28314 32 54.30 16.1 6214 798 PB123 IB123
28314 29 59.36 14.7 6498 807 PB123 IB123
29199 28 62.59 14.4 6568 809 PB123 IB123
29199 25 69.43 13.0 6742 817 PB123 IB123
30968 24 74.42 12.8 6742 818 PB123 IB123
30968 22 80.04 11.9 6742 824 PB123 IB123
30968 19 89.87 10.6 6742 832 PB123 IB123
30968 18 99.70 9.6 6742 839 PB123 IB123
30968 16 106.65 9.0 6742 843 PB123 IB123
30968 15 119.60 8.0 6742 849 PB123 IB123
30968 13 129.96 7.4 6742 853 PB123 IB123
30968 12 144.43 6.6 6742 858 PB123 IB123
30968 11 160.23 6.0 6742 862 PB123 IB123
30968 10 180.40 5.3 6742 866 PB123 IB123

114
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135

Gearmotor Ratings – Motor Speed 1750 RPM     B

5.0 35 1.8 8140 50.24 15042 4944 CB103 112M4 PB103 182/184TC
35 3.5 8069 49.80 28314 5946 CB123 112M4 PB123 182/184TC
33 1.8 8591 53.02 15042 4944 CB103 112M4 PB103 182/184TC
32 3.2 8798 54.30 28314 6214 CB123 112M4 PB123 182/184TC
30 1.6 9479 58.50 15042 4944 CB103 112M4 PB103 182/184TC

29 2.9 9617 59.36 28314 6498 CB123 112M4 PB123 182/184TC
28 2.9 10141 62.59 29199 6568 CB123 112M4 PB123 182/184TC
27 1.4 10513 64.89 15042 4944 CB103 112M4 PB103 182/184TC
26 1.4 11111 68.58 15042 4944 CB103 112M4 PB103 182/184TC
25 2.6 11250 69.43 29199 6742 CB123 112M4 PB123 182/184TC

24 1.3 11789 72.76 15042 4944 CB103 112M4 PB103 182/184TC
24 2.6 12058 74.42 30968 6742 CB123 112M4 PB123 182/184TC
23 3.5 12495 77.12 44240 7232 CB143 112M4 PB143 182/184TC
22 1.2 12788 78.92 15042 4944 CB103 112M4 PB103 182/184TC
22 2.4 12969 80.04 30968 6742 CB123 112M4 PB123 182/184TC

21 1.2 13555 83.66 15927 4944 CB103 112M4 PB103 182/184TC
20 3.2 13861 85.54 44240 7624 CB143 112M4 PB143 -
19 1.1 14956 92.31 15927 4944 CB103 112M4 PB103 182/184TC
19 2.1 14561 89.87 30968 6742 CB123 112M4 PB123 182/184TC
19 2.9 15251 94.13 44240 7998 CB143 112M4 PB143 182/184TC

18 1.9 16154 99.70 30968 6742 CB123 112M4 PB123 182/184TC
17 2.6 17147 105.83 44240 8472 CB143 112M4 PB143 182/184TC
16 1.8 17281 106.65 30968 6742 CB123 112M4 PB123 182/184TC
16 2.4 18137 111.94 44240 8706 CB143 112M4 PB143 182/184TC
15 1.6 19378 119.60 30968 6742 CB123 112M4 PB123 182/184TC

14 2.2 20191 124.62 44240 9165 CB143 112M4 PB143 182/184TC
14 3.5 20072 123.88 70785 14608 - - PB153 182/184TC
13 1.5 21058 129.96 30968 6742 CB123 112M4 PB123 182/184TC
13 2.0 22107 136.44 44240 9566 CB143 112M4 PB143 182/184TC
13 3.3 21755 134.27 70785 14608 - - PB153 182/184TC

12 1.3 23401 144.43 30968 6742 CB123 112M4 PB123 182/184TC
12 2.9 24185 149.26 70785 14608 - - PB153 182/184TC
12 1.8 24238 149.59 44240 9985 CB143 112M4 PB143 182/184TC
11 1.2 25961 160.23 30968 6742 CB123 112M4 PB123 182/184TC
11 1.6 26983 166.53 44240 10113 CB143 112M4 PB143 182/184TC

11 2.6 26802 165.42 70785 14608 - - PB153 182/184TC
9.7 1.1 29231 180.40 30968 6742 CB123 112M4 PB123 182/184TC
9.3 1.5 30338 187.24 44240 10113 CB143 112M4 PB143 182/184TC

7.5 224 2.3 1898 7.81 4424 2469 CB083 132S4 PB083 213/215TC
215 3.6 1975 8.13 7078 3067 CB103 132S4 PB103 213/215TC
203 2.5 2096 8.62 5309 2475 CB083 132S4 PB083 213/215TC
195 3.7 2179 8.97 7963 3121 CB103 132S4 PB103 213/215TC
167 2.3 2550 10.49 5751 2632 CB083 132S4 PB083 213/215TC

Input
Power

HP

Output
Speed
RPM

Exact
Ratio

i

OHL
Output Shaft

lbs.

Gearmotor
Reducer    Motor

Gear Reducer
Reducer NEMA C-face

Service
Factor

sf

Maximum
Torque
in lbs.

Output
Torque
in lbs.
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B Dimensions

150

123

CB…U

PB…U

IB…U
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Torque arm dimensions on page 156.
Shrink disk mounting on page 157.
Dimensions for motor connections 
on page 158.
Diameter of motor or motor flange may
protrude below mounting feet of reducer.
Please check motor connection for conflicts.
Shipping Weights on page 245.

B Dimensions

151

123

FB FC

FB FC

B…UF
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Physical Properties
Paint
Motovario SmartBox™ products are supplied with the following surface treatments:

• De-burring by mechanical shearing system
• Accurate shot-peening
• Painting
• Washing and passivation
• Die-cast materials are always painted.

Paint used on Motovario reducers meets the following specifications:
• Orange-peel blue-colored epoxy-polyester RAL 5010
• Polyester resin based heat-hardening powders, altered with epoxy resins, applied by electrostatic spray
• Heat resistance: 24 hours at 150°C (302°F)
• Corrosion strength: ASTM B 117/97 salt fog from 100 to 500 hours, depending on the surface’s preliminary treatment
• Non-toxic and non-irritating according to EEC directives no. 67/548 regarding dangerous substances and no. 88/379

dangerous compounds
• Tests carried out on degreased Unichim white lattens (film thickness: 60 microns) comply with the following specifications:

o Adherence (ISO2409)
o Erichsen drawing (ISO152)
o Inverted shock (DIN53158)
o Cone-shaped mandrel (DIN53151)
o Hardness (ASTM D3363/74)
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L u b r i c a t i o n
L u b r i c a t i o n
Reducer maintenance should be performed after
approximately 10,000 hours of service, including changing
the reducer's oil. The type of service and the environment
of the application will determine the maintenance period.
Units supplied without oil plugs are lubricated for life and
need no servicing.
All Motovario SmartBox™ reducers are supplied with
lubricant. The mounting position of the reducers must be
specified when ordering.
Motovario SmartBox™ maintenance-free reducers:

Motovario SmartBox™ reducers, supplied
with lubricant and oil plugs for maintenance:

Units equipped with oil plugs are shipped with closed
plugs to prevent leaking in shipping. Replace the closed
plug with the breather plug before use. When the reducer
is supplied without lubricant, it is provided with a label of
suggested oil types.

o H032 
o H033 
o H041
o H042

o H043
o H051
o H052

o H053 
o H061

o S052
o S053
o S062
o S063

o H062 
o H063 
o H081  
o H082
o H083
o H101 

o H102
o H103
o H121 
o H122

o H123 
o H142
o H143 

o B083
o B103
o B123
o B143
o B153

o S082 
o S083 
o S102 
o S103 
o S122
o S123

Recommended
Lubrication Types

Lubrication Quantities (Liters)

NOTE: Contact Motovario for suggested lubrication options for
applications operating in ambient temperatures not listed.

*Supplied by Motovario in all SmartBox™ products.

243
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We i g h t s
B Series SmartBox™ Weights (lbs) S Series SmartBox™ Weights (lbs)

245

Weights are close approximations, rounded to the nearest pound.
Weights do not include additional accessories.
Weights include lubrication.

35
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Installation and Use
Shaft Construction

Motovario customers can mount the SmartBox™ B and S series directly on to the drive shaft of their application.
• The drive shaft must be manufactured according to the dimensions shown in the following diagrams. Not following these

dimensions can lead to shaft deformation, inability to service or remove the reducer from the application or cancellation of
the factory warranty.

• The suggested length of the drive shaft from the shoulder to shaft-end is dimension V. The shaft length must be greater
than dimension VA on standard shaft units; greater than or equal to dimension V on shrink disk units. The drive shaft must
be manufactured with a shoulder in order to mount the reducer securely.

• The reducer must be fixed to the application using a torque arm, output flange, mounting feet or by other means of
stabilizing the reducer. If the reducer cannot be fixed, make sure the application allows for movement of the reducer
assembly.

• Check the output rotation of the reducer before mounting to the application.
• Lubricate all metal surfaces that come in contact to avoid seizure and oxidation.
• Install the locking kit (retaining bolt, stainless steel washer and optional rubberized washer) to secure the drive shaft and

reducer together. Use a rubberized or plastic washer inside the stainless steel washer to seal the hollow output bore from
intrusion by water, dust or other contaminants.

• Do not over-tighten the retaining bolt so as to deform the washer.
• The locking kit will rotate with the drive shaft. Keep away loose items that may become tangled in the locking kit.

Do not immediately apply the maximum load of an application. Start slowly whenever possible.

247
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Installation and Use
Shrink Disk Shaft Construction

B Shrink Disk Shaft Dimensions

S Shrink Disk Shaft Dimensions

249
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SmartBox™ Modularity

SmartParts™ Gear Sharing

Motovario SmartBox™ was designed to be the most
competitive high-efficiency gear reducer series in 
t o d a y ’s market. The key development factor of
Motovario SmartBox™ is the Modularity Concept:
modular production, modular assembly, modular gear
reducers.
SmartBox™ is built with standardized parts, sharing
gears, shafts, input sets and output flanges to simplify
the production process and improve delivery. T h e
interchangeable parts make SmartBox™ gear reducers
the most flexible reducer series available. SmartBox™
reducers can be easily adapted for any application.
Motovario has developed a new, flexible, high-
performance gear reducer series while improving
production and performance quality.

SmartBox™ introduces key design changes that reflect
Motovario’s commitment to innovation:

The new flexible motor coupling design integrates the
motor shaft and the reducer input quill to maximize start
and stop shock load capacity. The Hytrel coupling
eliminates fretting corrosion between the motor shaft
and the input quill, making disassembly simple. The
coupling design also increases the input oil seal’s life by
lowering temperature and reducing vibration at the input
shaft. The compact coupling easily adapts for NEMA,
IEC and servo motor applications.

The SmartParts™ system is designed to standardize
parts throughout the SmartBox™ series, lowering cost,
shortening lead times and increasing application
flexibility. High-speed helical gears are a common part in
the SmartBox™ line, used in all three series (H,B and
S). Low-speed helical gears are a shared part between
the H and B series, while output shafts are common
between the B and S series. All three series also share
an interchangeable input set, including the input flanges,
allowing parts to be preassembled for faster production
and better quality.

All SmartBox™ reducers feature the PowerCase™ one-
piece castings of the main housing that enable the
reducer to transmit more torque. The PowerCase™ also
allows for more distance between support bearings,
distributing loads more evenly and increasing overhung
load ratings. The design of the PowerCase™ provides
for a large inspection cover to help improve quality and
simplify assembly and production. PowerCase™ uses
the interchangeable input sets of the SmartParts™
system, so each reducer’s power section can be tailored

Flexible Motor Coupling

168
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SmartParts™ Input Flange

SmartBox™ H Series Power Case

SmartBox™ B Series bevel pinion support

for maximum torque.
The design of the B series is focused on the weakest
element of the reducer: the bevel gear. The load
capacity of the reducer depends on the correct fitting
and stability of the bevel gear and pinion. T h e
SmartBox™ design solution is a bevel pinion supported
between two bearings for more precise gear mesh and
the elimination of gear deflection. The double-bearing
design improves torque output and reducer shock-load
capacity by removing the weakest link.

Basic SmartBox™ Features
• Designed for continuous duty and use in harsh or 

stressful applications
• Gears and hollow output bores are carburized to a 

hardness of 58-60 RC
• Load capacity calculated according to ISO 6336 and 

verified according to AGMA 2001-B88
• High-strength housings and input and output flanges 

of gray cast-iron G200
• Single stage reducers with efficiencies up to 98% 

(in-line helical H Series only)
• Double and triple stage reducers with efficiencies 

up to 95%
• Foot mount, flange mount, shaft mount, foot/flange

mount and other configurations available

SmartBox™ B Series bevel pinion support (top view)
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Power, Torque and Speed
Ratings and standard operating conditions are in reference to
the reducer mounted in the standard horizontal position, B3 or
similar, with the lubricant supplied by Motovario.
Output torque ratings are rounded to the nearest integer. Ratios
are rounded to the nearest hundredth (0.00). More precise
figures are available through Motovario.
Output speeds are rounded to the nearest integer. Speeds may
vary slightly due to motor fluctuations or the application load
applied. Ratings are in relation to the reducer’s input speed.

Dimensions
SmartBox™ dimensions listed in this catalog are for standard
reducers. Special applications and designs may change basic
dimensions. Accessories and options are often listed as
separate dimensions. Please refer to the specific accessories
for dimensions.
Output flanges are separate accessories and are referred to in
Motovario nomenclature with the extension “F” or “FA . ”
Reducers may have more than one output flange option. In that
case, the extension identifies an additional option (FB, FC, etc.).
Dimensions of motors not supplied by Motovario may vary
slightly. Please refer to the motor manufacturer for accurate
dimensions and mounting configuration. Servo motors may
require modified mounting configurations.
Certified dimensions and 1:1 scale drawings in electronic
formats are available through Motovario.

Optional Design Features
Backstop devices on motors
Servo motor adapters
Special paint or coatings for added protection
Scoop motor mounts
Special design output bores and shafts
Please contact Motovario for your special design needs

Surface Treatment
Motovario products are supplied with the following 
surface treatments:
Grey cast-iron reducer housings
• De-burring by mechanical shearing system
• Accurate shot-peening
• Painting
• Washing and passivation
• Die-cast materials are always painted.

Paint used on Motovario reducers meets the 
following specifications:
• Orange-peel blue-colored epoxy-polyester RAL 5010 
• Polyester resin based heat-hardening powders, altered with

epoxy resins, applied by electrostatic spray
• Heat resistance: 24 hours at 150°C (302°F)
• Corrosion strength: ASTM B 117/97 salt fog from 100 to 500

hours, depending on the surface’s preliminary treatment
• Non-toxic and non-irritating according to EEC directives no.

67/548 (dangerous substances) and no. 88/379 (dangerous
compounds)

• Tests carried out on degreased Unichim white lattens (film
thickness: 60 microns) comply with the following
s p e c i f i c a t i o n s :

• Adherence (ISO2409)
• Erichsen drawing (ISO152)
• Inverted shock (DIN53158)
• Cone-shaped mandrel (DIN53151)
• Hardness (ASTM D3363/74)

Special Applications
Motovario SmartBox™ reducers can be easily adapted for
special environments. The reducer housings are rugged enough
for most difficult applications without special preparation.

Heavy Duty Reducers:
• No special preparation necessary for reducers.
Motors:
• IP65 Enclosure Protection
• Added winding protection coat against moisture

and humidity
• Added winding insulation
• Drain holes for moisture and condensation drainage
• Corrosion resistant hardware (standard)
• Blue RAL 5010 polyester-epoxy paint coating
• Metal terminal box cover

Washdown and Food Application Reducers:
• Painted with white epoxy paint or stainless-steel type paint
• Food-grade lubricant available
• Spring-loaded valve breather plugs
• Stainless-steel hollow output bore 

and output shafts
• BISSC® approval of gear reducer models

Washdown Motors:
• IP65 Enclosure Protection
• Painted with white epoxy paint or stainless-steel type paint
• Metal terminal box cover

Harsh Environment Reducers:
• Low- or high-temperature lubricant
• Viton® high-temperature resistant seals
• Extreme low-temperature seals

Harsh Environment Motors:
• IP65 Enclosure Protection
• Added winding protection coat against moisture 

and humidity
• Added winding insulation
• Drain holes for moisture and condensation drainage
• Winding heaters for extremely low temperature applications
• Forced ventilation blower for high temperature or inverter

drive applications
• Corrosion resistant hardware (standard)
• Blue RAL 5010 polyester-epoxy paint coating
• Metal terminal box cover

Catalog Notes
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Cast Iron Housings
NEMA or IEC input coupling
Inch or metric dimension input and output

CH In-line helical gearmotor
PH In-line helical gear reducer with input coupling
IH In-line helical gear reducer with input shaft

Fx Output flange for in-line helical reducer
M Mono version, output offset down
Hxx1 In-line helical reducer, single stage
Hxx2 In-line helical reducer, double stage
Hxx3 In-line helical reducer, triple stage

O p t i o n s Heavy Duty
Washdown Specific
Harsh Environments

Cast Iron Housings
NEMA or IEC input coupling
Inch or metric dimension input and output
Triple stage reduction

CB Helical bevel gearmotor
PH Helical bevel gear reducer with input coupling
IH Helical bevel gear reducer with input shaft

U Universal mounting capability; surfaces for foot
or flange mounting

C Hollow output bore for shaft mount
Fx Output flange for helical bevel reducer
S, D Single extension output shaft for helical bevel

reducer, left or right extension
P Double extension output shaft for helical bevel

reducer
L, M Shrink disk mounting for helical bevel reducer,

left or right mounting

Options Heavy Duty
Washdown Specific
Harsh Environments
Torque arm
Shaft-lock system for shaft mount applications

Cast Iron Housings
NEMA or IEC input coupling
Inch or metric dimension input and output

CS Parallel shaft mount gearmotor
PS Parallel shaft mount gear reducer with input

coupling
IH Parallel shaft mount gear reducer with input

shaft

C Hollow output bore for shaft mount
Fx Output flange for parallel shaft mount reducer 
D Single extension output shaft for parallel shaft

mount reducer
L Shrink disk mounting for parallel shaft mount

reducer

Options Heavy Duty
Washdown Specific
Harsh Environments
Torque arm
Shaft-lock system for shaft mount applications

IEC frame, squirrel-cage motors
Finned, aluminum housings through IEC 132 frame
IP55
Class F insulation
TEFC
50Hz or 60Hz frequency
230/460V

T Three phase AC motor
TB Three phase AC brakemotor

63 – 132 Frame size of Motovario Aluminum housing
AC Motors, 1/6HP to 10HP

160 – 225 Frame size of high power AC motors,
15HP to 60HP

B11 Integral motor for gearmotors
B14 Face-mounted output
B5 Flange mounted output

Options Two, four, six or eight poles
TENV
Heavy Duty
Washdown Specific
Harsh Environments

D e s c r i p t i o n s

H Series S Series

B Series AC Motors
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 6. DISSOLVED AIR FLOTATION (DAF) SYSTEM  
 
      H. TOP SLUDGE REMOVAL SYSTEM COMPONENTS 
 
b. Rake motor disconnect 
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Product Datasheet   

30A Circuit-Lock disconnect switch with aux. contact.

Product Specifications

 Product Type

  
 Switch Type  Three Pole Unfused w/ Aux Contact
 Amperage  30A
 Voltage  600V AC
 Operating Temperatures  Max Continuous- 75 Degrees C, Minimum- -40 Without Impact
 Listing and Certifications  UL Listed and CSA Certified
 Weight in LBs  2.8
 UPC Number  783585430607

Dimensional Diagram

Product Datasheet -- HBLDS3AC http://www.hubbellcatalog.com/wiring/section-c-datasheet.asp?FAM=Sw...

1 of 2 9/14/2011 5:50 PM
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 6. DISSOLVED AIR FLOTATION (DAF) SYSTEM  
 
       I. BOTTOM SLUDGE REMOVAL SYSTEM COMPONENTS  
 
a. Sludge discharge pump (Tag ID: P141) 
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PL Series 
Standard Design 

L 1 L 3

L 2
3 1 7 / 8

3 5

1 4 1 / 8

1 6 4 / 8

1
0

H
1

 
 

PL 100 
Drive Weight Measurements ** 
[HP] [lbs] L1 [inches] L2 [inches] L3 [inches] H1 [inches] 

5 419 43 1/2 4 1/2 22 7/8 16 3/8 
7 1/2 441 49 7/8 4 1/2 22 7/8 17 5/8 

10 540 49 7/8 4 1/2 22 7/8 17 5/8 
15 606 55 3/8 4 1/2 22 7/8 18 7/8 
20 672 55 3/8 4 1/2 22 7/8 18 7/8 

NOTE:  standard flange;  3"   (other flange connections possible) 
 

PL 200 
Drive Weight Measurements ** 
[HP] [lbs] L1 [inches] L2 [inches] L3 [inches] H1 [inches] 

5 452 46 1/4 3 1/4 22 3/4 16 3/8 
7 1/2 474 48 1/2 3 1/4 22 3/4 17 5/8 

10 529 51 3 1/4 22 3/4 17 5/8 
15 650 55 7/8 3 1/4 22 3/4 18 7/8 
20 705 57 3/4 3 1/4 22 3/4 18 7/8 

NOTE:  standard flange;  4"   (other flange connections possible) 
 

PL 300 
Drive Weight Measurements ** 
[HP] [lbs] L1 [inches] L2 [inches] L3 [inches] H1 [inches] 

5 485 46 1/4 2 3/8 27 5/8 16 3/8 
7 1/2 507 48 1/2 2 3/8 27 5/8 17 5/8 

10 606 51 2 3/8 27 5/8 17 5/8 
15 672 55 7/8 2 3/8 27 5/8 18 7/8 
20 738 57 3/4 2 3/8 27 5/8 18 7/8 

NOTE:  standard flange;  6"   (other flange connections possible) 
 
 
 

** Above Dimensions are for reference only.  Dimensions vary based 
 on motor selection.  CAD drawings are available upon request. 
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OPERATING AND MAINTENANCE 

MANUAL FOR BOERGER 
ROTARY LOBE PUMPS 

 
 

     
    �  PL 200 
   �  PL 300 
   �  PL 400 
 

 Code No.:�������������,�----��. 
 
 1st Modification*: __________________________ 

 Date: ................ 4 
 
 2nd Modification*: __________________________ 

 Date: ................ 4 
 
 3rd Modification*: __________________________ 

 Date: ................ 4 
  

Date of Shipment:    ��?��?����
 
 To:      ���������������9�
       ����A1+<���1
       
 

 *) Please modify Code with changes to the pump (see 9.1) 
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Boerger, LLC Phone: 612-435-7300
P.O. Box 3949 Fax: 612-435-7301
Minneapolis, MN 55403 e-mail: america@boerger-pumps.com

internet: www.boerger-pumps.com
Customer: World Water Works
Pump Type: PL 200 PL 200
Pump No.: 10109368 1.3
Pump Code: EFDCCCCEA4N Date of Delivery:
(please mention when ordering spare parts)

Capacity 120 gpm Name Sludge
Discharge Pressure 35 ft Solid Content 5%
Suction Pressure Flooded Temperature Ambient °F
Differential Pressure Viscosity Free Flow
Pump Speed 255 rpm pH-value Neutral

Specific Gravity Unknown

Operating Mode Location
Remarks

1. E Pump Type PL 200
Pump Casing ASTM A48 MiP
Axial Casing Protection Plate AISI 4140
Cover Protection XAR 400
Radial Casing Liner XAR 400

3. D Rotor Design Tri-lobe Screw Profile, Elastomer Coated
4. C Rotor Material / Rotor Coating Buna-N
5. C O-Rings (Static) Buna-N
6. C Shaft Lip Seals (Gearing) Buna-N
7. C Gasket Material Connection Flanges Buna-N
8. E Shaft Seals (Pump) Mechanical Seal: Seal Rings SiSiC/SiSiC, O-rings: Buna-N
9. A Drive Shaft Design and Position Cylindrical Drive Shaft, Top

10. 4 Series Index 4
11. N Mounting Configuration Mounted by Feet, Feet Down (M1)

Extra Equipment -
Extra Equipment -
Extra Equipment -   

Intermediate Chamber Mobil Ambrex 68 Make/Model Nord / 100 LA/4 CUS
Timing Gear Mobilgear 630 Power 5 hp

Speed 1725 rpm
Suction Side 4" ANSI 150-lb Phase/Hz/Voltage 3/60/460
Pressure Side 4" ANSI 150-lb Enclosure TEFC

Serial #
Coupling Rotex 42 red Option 1
Bored 35/30 Option 2
Configuration In-line
Base Frame Galvanized Steel Make/Model Nord / SK 22

Output Speed 265 rpm
L-10 Rating 100,000 Hours Ratio 6.51:1

Serial #

Supplied equipment Dry Running Sensor Temperature controller Seal Monit. sensor
Boerger Pressure Monitoring System Pressure switch Safety Barrier
Diaphragm (Contact) Pressure Gauge Overpressure Relief Valve Switching Device

Data Sheet - Rotary Lobe Pump

Flanges from Galvanized Steel

Configuration / Material

11/22/2010

IN 34.00
Rev.: 0

Lubricants

Code

Performance Data

12.

Drive Data

Conveying product

2.

Production Data

F

Reducer Data

Options/Other:

Drive Connection

Bearing Life

35712701/12783167

8010441642.00
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Operating and Maintenance Manual 
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1. BOERGER Rotary Lobe Pumps (Bare Shaft Pump) 
 

1.1 Construction of the Rotary Lobe Pump 
BOERGER Rotary Lobe Pumps of the FL Series are designed on a modular basis. Gear unit, 
axial wear plates, cover and mechanical seals remain the same throughout the series. 
 
 

Rotary Lobe Pump Displacement per 
Revolution 

PL 100 0.24 gal / rev 
PL 200 0.48 gal / rev 
PL 300 0.72 gal / rev 
PL 400 0.96 gal / rev 

 
 
The material of the fluid wetted parts of the pump unit should be adapted to the chemical and 
physical conditions of the fluid. The Code Number represents the parts used in the pump unit. 
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1.2 Flanges 
The flange material is usually galvanized steel or stainless steel. Gaskets (see 9.2 Spare Parts 
List Pos. 25) have to be installed between the pump casing and the flanges. The material of the 
gaskets should be adapted to the chemical and physical conditions of the fluid. 
 

1.3 Drive Specification 
The BOERGER Rotary Lobe Pump needs a drive unit with suitable rotation speed and torque. 
The design of the drive unit (rotation speed and power) depends on the hydraulic conditions (i.e. 
capacity, pressure, viscosity) of the application. 
 

1.4 Assembly of Aggregate 
The Rotary Lobe Pump and the drive unit must be assembled free of distortion. The pump shaft 
and drive shaft have to be connected with a suitable coupling including guard for protection. Af-
ter assembly of the pump aggregate on the foundation and in the pipe system the alignment of 
the coupling has to be controlled as part of the warranty. 
Follow also Operation and Maintenance Manual of Drive Unit! 
 
Shaft Diameter of PL-Series: 
 
Shaft-Design Diameter 
Standard, DIN 748 1.38 “ (35 mm) 
PTO – Profile  1 3/8“ 
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2. Complete BOERGER – Aggregate 
 

2.1 Standard Design 
 
Rotary Lobe Pump and drive (standard: helical geared motor) fitted on common base (twist-free), made 
from galvanized steel, incl. elastic coupling and coupling guard. Also possible is an overhead mounted 
drive and a variable speed drive. The base of the aggregate has to be fastened on an even foundation. 
 
 
1.) BOERGER Rotary Lobe Pump 
 
2.) Elastic coupling 
 
3.) Coupling Guard 
 
4.) V-Belt Disc 
 
5.) V-Belt              
 
6.) V-Belt Guard 
 
7.) Motor 
 
8.) Gear Reduction Unit 
 
9.) Variable Speed Drive 
 
10.) Base 
 
11.) Flanges 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

185

185



BOERGER Rotary Lobe Pumps www.boerger-pumps.com 
Phone Toll Free 1-877-726-3743 

6

2.2 Oil Level and Oil Change 
 
Before start up of the pump unit check oil level of timing gear at the oil gauge. The oil level must 
be at the middle of the oil gauge. The oil of the timing gear has to be exchanged after 250 hours 
of operation, after that every six months for continuous working units and at least once a year for 
discontinuous working units. 
 
The oil level in the intermediate chamber must be at the level of the top shaft. The top opening of 
the intermediate chamber must remain open to the environment and must be protected against 
dirt with our plastic stopper (see parts list Pos. 69). Submersible units must be equipped with a 
sensor for monitoring of the mechanical seal. 
 
The functions of the intermediate chamber are 
 

1. Lubrication and cooling of the mechanical seals and rotor/shaft connection 
2. Detection of seal failures  
3. Buffer zone to the sealed timing gear 

 
Check oil of intermediate chamber with every rotor change. When changing mechanical seals 
the intermediate chamber has to be flushed and cleaned with water before fill up of new oil. 
 
Attention: Please check if the factory site filled oil types and/or listed oil types of the 

pump unit are allowable with the environmental regulations at the applica-
tion site. If need please consult factory. 

 
Oil quantity depending on model! 
 

Rotary Lobe Pump Timing Gear Intermediate Chamber 
Model Oil quantity Oil quantity 
PL 100 App. 0.4 gal (1.5 liter) 0.21 gal (0.8 liter) 
PL 200 App. 0.4 gal (1.5 liter) 0.21 gal (0.8 liter) 
PL 300 App. 0.4 gal (1.5 liter) 0.21 gal (0.8 liter) 
PL 400 App. 0.4 gal (1.5 liter) 0.21 gal (0.8 liter) 

 
Factory site used oil types: 

Timing Gear:   Mobilgear 630   �
������������������mediate Chamber: Mobil Ambrex 68  

 
Attached is a list of factory approved oil types for BOERGER Rotary Lobe Pumps: 
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Oil Types Timing Gear 
 
 

Type of 
Lubricant 

Ambient 
Temperature 

ºC 
Viscosity ARAL BP CASTROL DEA ESSO KLOPER MOBIL SHELL TRIPOL 

Mineral 
Oil 

-5...40 (nor-
mal) 

ISO VG 
220 

Degol 
BG 220 

Energol 
GR-

XP220 

Alpha SP 220 
Alpha MW 220 

Deagear DX 
SAE 85 W 
90 Falcon 
CLP 150 

Spartan 
EP 220 

Klüberoil 
GEM 1-220 

Mobilgear 
630 

Shell Omala 
Oel 220 

Tribol 
1100/220 

 -15   25 ISO VG 
100 

Degol 
BG 100 

Energol 
GR-XP 

100 

Alpha SP 100 
Alpha MW 100 

Deagear DX 
SAE 80W 

Falcon CLP 
150 

Spartan 
EP 100 

Klüberoil 
GEM 1-100 

Mobilgear 
629 

Shell Omala 
Oel 100 

Tribol 
1100/100 

 -50...-15 ISO VG 
15 

Vitamol 
1010 

Bartran 
HV15 

Hyspin AWS 15 
Hyspin SP 15 

Airkraft Hy-
draulic Oil 15 Univis J13 Isoflex MT 

30 rot 
Mobil DTE 

11M 
Shell Tellus 

Oel T15 Tripol 770 

 
 
Oil Types Intermediate Chamber 
 
 

Type of 
Lubricant 

Ambient 
Temperature 

ºC 
Viscosity ARAL BP CASTROL DEA ESSO KLOPER MOBIL SHELL TRIPOL 

Mineral Oil -15...+40 ISO VG 
68 

Motan
ol HE 

68 

BP 
Energol 
CS 68 

Magna 68 Renolin DTA 
68 

NURAY 
68 

Klüberoil 
GIM 1-68 

AMBREX 
68 

SHELL 
Vitrea 68 

Tripol 943 
AW-68 

 
 

Attention: Oil level timing gear must be at the middle of the oil gauge! 

 
 

Oil level and oil change for drive follow instruction of Operation and Mainte-
nance Manual of the drive unit.  
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3. Installation in the Pipe System 
The BOERGER Rotary Lobe Pumps are self-priming under certain conditions. To prevent cavita-
tion install the pump with flooded suction or only with a small suction lift. With larger suction lifts 
and/or long suction pipes control, if the NPSH available of the system is higher in comparison to 
the required NPSH of the pump. The required NSPH value must be at least a 0.5 m under the 
NPSH available to prevent cavitation. With suction lifts over 2 m (6 ft) it is required to install a 
check valve at a suitable position in the pipe system.  
 
Especially in pump installations with gaseous fluids it is important to prevent air bubbles on the 
suction side of the pump. If this is not practicable, install an air release valve close to the pump 
at a suitable position in the pipe system. This ensures a trouble free start up of the pump aggre-
gate. 
 
Install compensators (follow the mounting instruction of the compensator manufacturer) between 
pump flanges and system especially with thin-walled pipes. Also consider loads caused by 
changing physical conditions (i.e. temperature). 
Connection flanges or valves are not allowed to load the pump unit. 
 
Before start up check and if needed correct the alignment of the coupling. Uneven foundation 
surfaces have to be corrected with spacers. 
 
 

Recommended Maintenance Space 
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4. Start Up 
 
� Check Oil Levels (see 2.2) 
 
� Check that flange and pipe connections are sealed and not leaking. 
 
� At pumps with infinite variable rotating flanges (i.e. mobile pumps) check the tightness of the 

clamps. 
 
� Check of all installed appurtenances in addition to the pump aggregate (i.e. VFDs, dry run-

ning protection, pressure gauges etc.). 
 
� Start of drive unit for rotation direction check. 
 
� Prevent dry running longer than one minute in the start up phase. 

Fluid is needed for cooling of the pump. 
 
� Do not operate pump in hose systems without supervision! 
 
� The BOERGER Rotary Lobe Pump can operate in either direction. Check if rotation direction 

fits your needs. 
 
 

Top shaft rotates counterclockwise.   Top shaft rotates clockwise. 
Fluid flows in direction of arrow.   Fluid flows in direction of arrow. 
 

Change rotation direction of the drive or change to the other driving shaft of the pump (if suit-
able) to reverse flow. 
 
� Opening of valves. 
 
� After a short time the Rotary Lobe Pump is displacing the nominal capacity. The pressure is 

not allowed to rise over the permissible pressure of the pipe system and of the Rotary Lobe 
Pump and shall not overload the drive unit.  

 
The top opening of the intermediate chamber must remain open to the environment and must 
be closed for dirt protection with our plastic stopper (see parts list Pos. 69). 
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2.1 Start Up Report 

Start Up Report

Item Check Remark Date Signature
1 Pump used as per 

BOERGER Datasheet

2 Alignment of coupling checked 
after fitting on foundation

3 Wiring and direction of rotation 

4 Suction and pressure piping 
fitted correctly

5 Pump protection devices fitted 
correctly and checked

6 Oil level of drive unit correct,
breather opened

7 Oil level of synchronising gear 
correct, breather fitted

8 Oil level of quench chamber 
correct, plugged with plastic 
plug only

9 Valves opened at suction and 
at pressure side

10 Pump started,
noise normal

11 All connections tight, leak-proof

12 Periodical maintenance 
arranged as per operating 
instructions.

13 Check for Amp draw at Start-Up 
and after 15 minutes of 
operation
NOTES:

Attention!
Pumps with special construction may require additional inspections.
We recommend to stock wear parts for important pumps.

Customer:
Contact:
Phone #:

Rep:
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5. Maintenance and Control 
 
Before every start up check oil levels. The oil of the timing gear has to be exchanged after 250 
hours of operation, after that every six months for continuous working units and at least once a 
year for discontinuous working units (see 2.2). 
  

5.1 Safety Notes 
 
Theses warnings apply to pumps supplied by BOERGER. Refer to the O&M Manuals supplied 
with equipment manufacturered by others for additional warnings before operating the pump ag-
gregate. 
 
Before attempting to install and operate this pump unit: 
 
� Familiarize yourself with this O&M manual. 
 
� Disconnect or lock out the power source to ensure the pump will not start.  

 
� Do not attempt to service the pump until the electrical power has been dis-

connected and it has been verified that the pump cannot start. 
 
� After the pump has been installed make certain that the pump and all piping 

connections are tight and are properly supported prior to start-up and op-
eration. 

 
� Do not operate the pump without the protective guards in place over the ro-

tating parts.  Exposed rotating parts can catch clothing, fingers, or tools, 
causing severe injury.  Any operation of this machine without a protective 
guard can result in severe bodily injury.  The responsibility for the installa-
tion of protective guards is that of the equipment owner. 

 
� This pump should not be used for pumping media other than what it has 

been designed for. Please contact Boerger if the pump unit is going to be 
used in a different application. 

 
� Do not attempt to try to clean the pump with bare hands. The pumped mate-

rial may contain items that may present health hazardses.  
 
� Because many installations utilize automatic starting equipment the pump 

unit may start at any time without warning. 
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5.2 Disassembly of Quick Release Cover and Flanges 
Following are precautions before disassembly of quick release cover and flanges: 

 
� Disconnect geared motor from power or remove drive from pump unit. 

 
� Close suction and discharge valves. 

 
� Loose ring nuts of the quick release cover equally app. 1/5” and move the cover slowly of 

the pump casing. Eventually pressure still can exist inside the pump. 
 

Caution: Remaining pressure in the pump can splash fluid out of the gap between 
pump casing and cover. Cover gap with suitable rag. 

 
 

5.3 Cleaning of the Rotary Lobe Pump 
Remove quick release cover of the pump (see 5.1). Clean pump and flanges with suitable clean-
sing agent. Let the pump casing dry and use metal surface protection (i.e. grease) suitable for 
the rubber material of the rotors.  
 

5.4 Danger of Frost 
The pump and pipe system must be secured against frost. As a supplement BOERGER can de-
liver both a heated quick release cover and a heated intermediate chamber. 
 
 

Attention: Frozen fluid pieces from the pipe system can cause wear in-
side the pump, especially at the rubber - coating of the rotors.  

 
 

5.5 Storage Instructions 
Instructions for storage and recommissiong of Rotary Lobe Pumps 
 
Please refer to these instructions if Rotary Lobe Pumps are stored prior to commissioning. With 
following these instructions you will protect the pump and avoid damage from humidity and cor-
rosion. Actions are required for long-term storage only. 
As the requirements depend on the kind of storage and the environmental conditions it cannot 
be said from which time on these instructions are valid. 
A longer storage prior to commissioning does not extend the time of warranty. 
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5.5.1 Actions prior to storage 
 
5.5.1.1 The flanges as well as the further openings to the pump have to be closed by using 

the transport-covers. If these are no longer available please use other suitable humid-
ity controlled protections. 

 
5.5.1.2 Possible surface damages from transport handling should be repaired, at the galva-

nised as well at painted surfaces.  
 
5.5.1.3 The storage room should be dry and ventilated. The temperature should not exceed 5 

to 40 °C. In case of storage outside this temperature area the actions described un-
der item 2 and 3 are required for short-term storage already.  

 
5.5.2 Actions during storage time 
 
  It is advised to rotate the pump shaft approximately every half year. This is to lubricate 

the upper gearwheel and the mechanical seals. 
 
5.5.3 Actions prior to commissioning 
 
5.5.3.1 Prior to commissioning it is advised to check for easy rotation of the pump shaft. In 

case of doubt the rotors and seal should be disassembled and reassembled as per 
operating instructions. 

 
5.5.3.2 The pump should be rotated by hand or by short tipping of the motor switch. An easy 

rotation of the pumps must be ensured. 
 

5.6 In case of storage longer than two years, or in case of 
abnormal storage temperatures, the lubricants should 
changed prior to commissioning. Please refer to the op-
erating instructions.  

 

5.7 Remove all covers and protections. 
 

5.8 Install the pump aggregates as per operating instruc-
tions. 

 

5.9 Actions for taking pumps out of order 
 
5.9.1 If it becomes necessary to take a pump out of order for a limited period please contact us 

for instructions as the actions depend on the individual use of the pump.  
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5.9.2 If possible empty and clean the pump and use corrosion protection agent for non-coated 
steel parts. 

 
5.9.3 Before re-commissioning it is advisable to check the easy rotation of the shafts in the 

mechanical seals. If necessary disassemble and reassemble the seal as per instructions.  
 
5.9.4 The pump should be rotated by hand or by short tipping of the motor switch. An easy ro-

tation of the pumps must be ensured. 
 
5.10 Storage of drives 
  
5.10.1 For storage and recommissioning of drives please follow the instructions of the manufac-

turers.  
 
5.11 Storage of spare parts 
 
5.11.1 For the storage of spare parts please follow item 1 to 5 of this information. 
 
5.12.2 Elastomeres must be stored dry and light protected (UV-radiation must be avoided). 
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6. Troubleshooting 
 

6.1 Problem / Help 
 
Pump does not start after shut down 
 
Possible problem Help 
� Solids have settled inside the pump after 

shut down. 
 
� Rotors are swollen and are tight to the 

pump casing. 
 
 
� Long fibers, foil or plastics are blocking 

the pump. 
 
� Axial rotor tolerance misaligned 
 
 
� Power and/or torque too weak, drive too 

small 
 

� Cleaning of pump (see 5.2) 
 
 
� Check temperature and chemical com-

pounds of fluid. Change rotor to a suitable 
rubber material. 

 
� Cleaning of pump and suction flange (see 

5.1 and 5.2) 
 
� Adjust axial rotor tolerance (see 7.2) 
 
 
� Change to bigger drive 

 
 
Pump does not self prime 
 
Possible problem Help 
� Rotation direction wrong of the drive 
 
� Suction pipe blocked 
 
� Suction connection leaky  
 
 
� Air bubble inside the pump or pipe system
 
 
� Rubber coating of rotors destroyed 

� Change rotation direction of the drive  
 
� Cleaning of suction pipe 
 
� Check gasket and tightness of connec-

tions 
 
� Fill up pump with fluid or release air out of 

the system 
 
� Replace rotors 
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Pump cavitates 
 
Possible Problem Help 
� Rotation speed too high: The cavities in-

side the pump are not filled (cavitation). 
 
� Solid is blocking suction side 

� Decrease rotation speed and/or in-
crease flooded suction 

 
� Remove solid 

 
 
Oil leakage at the top of the intermediate chamber 
 
Possible Problem Help 
� Mechanical seal defect � Change of mechanical seal (see 7.1 / 7.2)

 
 
 

Technical information mechanical seal 
 
The single acting mechanical seals used in BOERGER Rotary Lobe Pumps consist of two 
against one another positioned identical seal faces. The mechanical seals are quenched with the 
fluid (standard: hydraulic oil) in the intermediate chamber. With capillary and centrifugal force 
created by the rotation the oil is forced between the seal faces and lubricates the seal gap and 
removes developing heat from the mechanical seal. Pumped fluid is not needed to lubricated 
and/or cool the mechanical seal.   
 
If the mechanical seals had to be opened during maintenance it is recommended to ex-
change the mechanical seal, even if the wear limit has not been reached. 
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6.2 Exchange of Linear Rotors 
 

 
 

1. Shut down pump unit and close valves surrounding the pump (see 5.1). 
  

Loose ring nuts (1) of the quick release cover equally app. 1/5” and move the cover 
slowly of the pump casing. Eventually pressure still can exist inside the pump. Clean or 
flush the pump casing. 

 
Caution: Remaining pressure in the pump can splash fluid out of the gap be-

tween pump casing and cover. Cover gap with suitable rag. 
 
2.  Open the socket head cap screw (3), which holds the rotor in axial position on the shaft, 

by using a 14 mm hexagon head socket wrench. (The shafts may be locked to each other 
by pushing a dull tool between the rotors!). 

  
3. Remove cover disc (4), if applicable. 
 
4. Pull off the rotors by using the special BOERGER tools (see spare parts list Pos. 90 / 91). 
5. Screw rotors have to be removed simultaneously. With linear tri-lobe rotors, remove the 

three stud screws, screw the screws of the three-wing puller into the female threads (6) of 
the rotor and pull the rotors of the shaft. 
 
Hint: Intermediate chamber fluid (standard: Hydraulic Oil) can leak between  

rotating holding bush and shaft. Shafts are not product-wetted. 
 
6. Check (if necessary replace) and oil the O–rings (5) and (9). 
 
7. Oil the shafts and push on the new rotors. If more then one rotor (mostly tri-lobe) will be 

assembled on one shaft, use spacer sleeves (Pos 22, Pos 34 spare parts list) to keep the 
rotor/shaft connection non-product-wetted. Screw the grub screws, if applicable, into the 
threaded bores (6) at the front of the linear tri-lobe rotors. 
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8. With linear tri-lobe rotors refit the cover disks (4). 
 
9. Screw in the socket head cap screws (3) with the sealing washer (9) and tighten them 

with a torque wrench. 
 

� Torque 1600 in-lbs (180 Nm) for standard screws 
� Torque 1400 in-lbs (160 Nm) for stainless steel screws 

 
10. Check easy motion of the rotors, if necessary, correct the alignment of the rotors. 
 
11. Control the cover O-ring and tighten the quick release cover with the wear plate to the 

pump casing with the ring nuts. 
 
12. Before restarting the pump, test it by carefully tipping the motor switch to ensure the  

function of the pump. 
 
 
 

6.3 Readjustment of Dual Lobe Rotors (Optional Feature) 

 
  
 

1. Shut down pump unit and close valves surrounding the pump (see 5.1). 
 

2. Loose ring nuts (1) of the quick release cover equally app. 1/5” and move the cover 
slowly of the pump casing. Eventually pressure still can exist inside the pump. Clean 
or flush the pump casing. 

 
Caution: Remaining pressure in the pump can splash fluid out of the gap be-

tween pump casing and cover. Cover gap with suitable rag. 
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3. The rotors may only be readjusted when being positioned as shown in the above illus-
tration. Turn the shafts until the rotors are in a vertical and horizontal position. 

 
4. At the marked points carefully drill holes with a 10 mm twist drill through the rubber 

coating until you reach the socket head cap screw for adjustment. 
 

5. Readjust the rotors by turning the socket head cap screw until the sealing line be-
tween rotor radius end pump casing is readjusted to a tolerance of 0 – 0.1 mm. Use a 
thickness gage for checking the tolerances. During and after readjustment check easy 
movement of the rotors. 

 
 
 

 Attention: No possibility of reversing the adjustment! 
 

 
 

6. Control the cover O-ring and tighten the quick release cover with the wear plate to the 
pump casing with the ring nuts. 

 
7. Before restarting the pump, test it by carefully tipping the motor switch to ensure the  

function of the pump. 
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6.4 Exchange of MIP Radial Liners (Optional Feature) 
 

 
 

1. Disassembly of MIP Radial Liners  
 

a. Shut down pump unit and close valves surrounding the pump (see 5.1). 
b. Loose ring nuts (3) of the quick release cover equally app. 1/5” and move the cover 

(4) slowly of the pump casing. Eventually pressure still can exist inside the pump.  
Clean or flush the pump casing. 

 
Caution: Remaining pressure in the pump can splash fluid out of the gap be-
tween pump casing and cover. Cover gap with suitable rag. 
 

c. Remove the axial wear plate (5). 
d. Now open the clamps (2) holding the MIP Radial Liners (6) in position by loosening 

the screws (1). 
 

 Attention: Check the CU–Rings and replace them if necessary. 
 

e. The MIP Radial Liners (6) can now be removed. 
 
2. Assembly of MIP Radial Liners  
 

a. Clean the pump casing from any particles, if necessary remove one of the rotor tips 
(see Pos. 6.3). 

b. Push the MIP Radial Liners (6) into the pump casing symmetrically. 
c. Now fasten the MIP Radial Liners (6) by equally alternate tightening of the clamps 

(2). Observe an equal tolerance at both sides of the flange openings. 
d. Check easy motion of the rotors, if necessary, correct the alignment of the MIP Ra-

dial Liners. 
e. Control the cover O-ring and tighten the quick release cover with the wear plate to 

the pump casing with the ring nuts.  
f.  Before restarting the pump, test it by carefully tipping the motor switch to ensure the 

function of the pump. 
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7. Exchange of Mechanical Seal 
 

7.1 Exchange of Mechanical Seal 
 
1. Drain the oil from the intermediate chamber through the oil drain (11). 
 
2. Remove the rotors as described under 6.2.  
 
3. Remove the feather key (9) from the groove. Unscrew the holding bush with thread (2) by 

using the special BOERGER tool (spare part list Pos. 93). 
 
4. Remove the mechanical seal rings (4) with O–rings (5) from the holding bush with thread 

(2) and from the stationary holding bush (8). Clean and oil the O-ring seats of the holding 
bushes. Flush the intermediate chamber for cleaning purpose. 

  
5. Push the O–rings (5) onto the new mechanical seal 

faces (4). Press one seal face (4) into the stationary 
bush (8) and the other into the holding bush with 
thread (2). For this operation is also a special tool 
available (spare part list Pos. 95). 

 
6. Screw the holding bush with thread (2) onto the shaft 

until aligned with the wear plate (7), then turn it 
backwards app. 1/6 revolution. The holding bush 
projects app. 0,3 mm to the wear plate. Ensure that 
one groove of the bush (2) is aligned with the groove 
on the shaft for the feather key (see 7.2). 

 
7. Place the feather key (9) into the aligned grooves of the holding bush with thread (2) and 

of the shaft. 
 
8. Check (replace if necessary) and oil the O–ring (1). Clean and oil the counter surfaces for 

the rotors. 
 
9. Refit the rotors (see 6.4 and/or 6.5).  
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10. Fill oil (see 2.2) into the intermediate chamber through the oil inlet opening (10) (minimum 

to the level of the top shaft). Close intermediate chamber with plastic stopper (spare part 
list Pos. 69) for dirt protection. 

 
 

7.2 Adjustment of the axial Tolerance of the Rotors  
 
1. Remove the lobes as described under 6.4 and/or 6.5. 
 
2. Take the feather key (9) out of the shaft groove.  
 
3. a) The rotors are too tight to the quick release cover: 
 

Turn the holding bush with thread (2) clockwise 
1/6 revolution until the next groove is aligned with 
the shaft groove by using the special BOERGER 
tool (spare part list Pos. 93). 

 
 

b) The rotors are too tight to the rear wear plate (7): 
 
Turn the holding bush with thread (2) counter 
clockwise 1/6 revolution until the next groove is aligned with the shaft groove by 
using the special BOERGER tool (spare part list Pos. 93). 
 

 
Do not unscrew the threaded bush (2) more than 1/6 turn! Danger of 
oil leakage from the intermediate chamber! 

 
 
4. Place the feather key (9) into the aligned grooves of the holding bush with thread (2) and 

of the shaft. 
  
Refit the rotors (see 6.4 and/or 6.5).  

7.3 Gland Packing 
 
Please refer to separate operation and maintenance instructions. 
 
 

7.4 Special Pump Constructions 
 
Please refer to separate operation and maintenance instructions. 
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8. Spare Parts List 
The Spare Parts List contains position number referring to the explosion drawing, the name of 
the part, material, article number (important for spare part orders) and quantity per pump. The 
BOERGER Rotary lobe pump is furnished with fluid wetted parts according to the code number 
(see 9.1). 
 
 
Exchange of Rotors 
2/4/6/8 x rotors Pos. No.: 9 
2/4 x O-Rings Pos. No.: 31      
0/4/8/12 x O-Rings Pos. No.: 34 
 
Exchange of Mechanical Seal 
2 x mechanical seal Pos. No.: 15 
2/4 x O–Rings Pos. No.: 31 
2 x O–Ring  Pos. No.: 33 
0/4/8/12 x O-Rings Pos. No.: 34 
 
Exchange of wear plates 
1 x front wear plate Pos. No.: 10 
1 x rear wear plate Pos. No.: 11 
2 x MIP Radial Liners Pos. No.: 81 
2/4 x O-Rings Pos. No.: 31      
0/4/8/12 x O-Rings Pos. No.: 34 
1 x O–Ring  Pos. No.: 30 
2 x countersunk screw; M8 x 20 Pos. No.: 52 
 
Exchange of fluid wetted parts 
1 x pump casing Pos. No.: 5 
2/4/6/8 x rotors Pos. No.: 9 
1 x front wear plate Pos. No.: 10 
1 x rear wear plate Pos. No.: 11 
2 x holding bush with thread Pos. No.: 13 
2 x stationary holding bush Pos. No.: 14 
2 x mechanical seal Pos. No.: 15 
2 x cover disk Pos. No.: 24 
2 x spacer sleeve Pos. No.: 22 
2 x gasket Pos. No.: 25 
1 x O–Ring  Pos. No.: 30 
2/4 x O–Rings Pos. No.: 31 
2 x O–Ring  Pos. No.: 33 
0/4/8/12 x O-Rings Pos. No.: 34 
2 x countersunk screw M8 x 20 Pos. No.: 52 
2 x socket head cap screw M16 x 40 Pos. No.: 64 
2 x sealing washer A 21 x 26 Pos. No.: 74 
Optional: 
2 x MIP Radial Liners Pos. No.: 81 
4 x clamps Pos. No.: 82 
4 x Cu–ring Pos. No.: 84 
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As special tools use the withdrawal tool for tri-lobe rotors (Pos. No. 90), the special tool 
for the holding bush (Pos. No. 95) and the special tool for the mechanical seal (Pos. No. 
93). 
 
 

9. Spare Parts regarding the Code Number 
 

9.1 Code Number 
The code number stamped to the pump nameplate identifies all fluid wetted parts the pump is 
furnished with. The code number is also recorded on the cover page of this operation and main-
tenance manual. 
To decode the pump code, refer to the attached code table. 
 
 

9.2 Spare Parts List 
The attached spare parts list is universal and contains all available combinations. 
Please use the pump code for identification. 
 
 
 
 
Please order required spare parts at (please mention the article numbers):  
 
 

BOERGER LLC 
740 NE Harding Streed 
Minneapolis, MN 55413 
USA 
 
E – mail:  
america@boerger-pumps.com 
 
Phone: 612 �������� 
Fax: 612 �������� 
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No. Part Material / Design Remark Code Number
1 Model AL 25 A

AL 50 B
AL 75 C
PL 100 D

 PL 200 E
 PL 300 F

PL 400 G
FL 518 H
FL 776 I
FL 1036 K
FLA 518 S

 FLA 776 T
FLA 1036 U
FLA 1540 M
FLA 2072 O
FLA 3080 R
CL260 Q
CL390 V
CL520 W

:
2 Pump Casing ASTM A48 Standard : A

ASTM A48 nitride hardened : B
ASTM A536 laser hardened : C
Stainless Steel Standard : D
Stainless Steel plasma hardened : E
MIP-Casing ASTM A48 MIP Standard, Liners from XAR 400 : F
MIP-Casing ASTM A48 MIP Liners from Stainless Steel : G
MIP-Casing ASTM A48 MIP Liners / Wear Plates from St. Steel : H
Stainless Steel MIP Liners from Stainless Steel : I
Special Design Customized Order : X

: :
3 Rotor Design dual lobe (AL / PL / FL) : : A

tri lobe (AL / PL) : : B
dual lobe adjustable (PL) : : C
tri lobe screw rotor (AL / PL) : : D
tri lobe linear rotor tips (FL) : : E
tri lobe linear rotor tips, rotor body stainless steel (FL) : : F
tri lobe screw rotor tips (FL) : : G
tri lobe screw rotor tips, rotor body stainless steel (FL) : : H

: : :
4 Rotor Material Buna : : : A

Buna-N : : : C
EPDM : : : D
FPM : : : I
Urethane : : : P
Stainless Steel : : : E
PTFE : : : T

: : : :
5 O-Rings Buna-N : : : : C

EPDM : : : : D
FPM : : : : I
PTFE : : : : T

: : : : :
6 Lip Seals Buna-N : : : : : C

FPM : : : : : I
Special Design Customized Order : : : : : X

: : : : : :
7 Flange Gaskets Buna-N : : : : : : C

 EPDM : : : : : : D
 FPM : : : : : : I

PTFE : : : : : : T
Special Design Customized Order : : : : : : X

: : : : : : :
8 Shaft Sealing Set Up Seal Faces: Duronit O-Rings: Buna-N : : : : : : : A

Seal Faces: Duronit O-Rings: EPDM : : : : : : : B
Seal Faces: Duronit O-Rings: FPM : : : : : : : C
Seal Faces: Duronit O-Rings: PTFE : : : : : : : D
Seal Faces: Silicon Carbide O-Rings: Buna-N : : : : : : : E
Seal Faces: Silicon Carbide O-Rings: EPDM : : : : : : : F
Seal Faces: Silicon Carbide O-Rings: FPM : : : : : : : G
Seal Faces: Silicon Carbide O-Rings: PTFE : : : : : : : H
Packing : : : : : : : I
Packing with Flush Connection : : : : : : : J
Special Design Customized Order : : : : : : : X

: : : : : : : :
9 Shaft Design and Positioning 1x Driving Shaft: top : : : : : : : : A

1x Driving Shaft: bottom : : : : : : : : B
2x Driving Shaft : : : : : : : : C
2x SAE-Driving Shaft (PTO) (1 3/8") : : : : : : : : D
1x SAE-Driving Shaft (PTO) (1 3/8"), top : : : : : : : : E
1x SAE-Driving Shaft (PTO) (1 3/8"), bottom : : : : : : : : F
2x SAE-Driving Shaft (PTO) (1 3/4"), FL 1036 : : : : : : : : G
2x SAE-Driving Shaft (PTO) (1 3/4"), FL 1036, top : : : : : : : : H
2x SAE-Driving Shaft (PTO) (1 3/4"), FL 1036, bottom : : : : : : : : I

: : : : : : : : :

10 O&M Manual Edition No. : : : : : : : : : 4

Code Number: 4

11 Special Design Horizontal, Rotated Set Up Pump 90° rotated L
Vertical Set Up Pump Vertical H
Sealsensor Sensor in Intermediate Chamber D
Temperature Control Temperature Sensor in Pump Casing Z
Special Accessory Customized Order X
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Spare Parts List PL-Pumps 06/01

Pos. name material article

100 200 300 400

1 gear case ASTM A48 A20008 1 1 1 1

2 gear case cover ASTM A48 A20108 1 1 1 1

3 bearing cap open ASTM A48 A20208 1/2 1/2 1/2 1/2

4 bearing cap closed ASTM A48 A20218 1/0 1/0 1/0 1/0

5 pump casing; PL 100 ASTM A48 B40118 1 - - -

pump casing; PL 200 ASTM A48 B40218 - 1 - -

pump casing; PL 300 ASTM A48 B40318 - - 1 -

pump casing; PL 400 ASTM A48 B40418 - - - 1

pump casing; PL 200; nitrided hardening* ASTM A48 B40228 - 1 - -

pump casing; PL 100; stainless steel St. Steel B40138 1 - - -

pump casing; PL 200; stainless steel St. Steel B40238 - 1 - -

pump casing; PL 300; stainless steel St. Steel B40338 - - 1 -

pump casing; PL 100, MIP ASTM A48 B40430 1 - - -

pump casing; PL 200, MIP ASTM A48 B40440 - 1 - -

pump casing; PL 300, MIP ASTM A48 B40450 - - 1 -

pump casing; PL 400, MIP ASTM A48 B40460 - - - 1

pump casing PL 100; MIP; stainless steel St. Steel B40130 1 - - -

pump casing PL 200; MIP; stainless steel St. Steel B40230 - 1 - -

pump casing PL 300; MIP; stainless steel St. Steel B40330 - - 1 -

8 pump casing cover ASTM A536 B41008 1 1 1 1

9.1 rotor, PL 100, 2-lobe Buna-N R82468 2 - - -

rotor, PL 100, 2-lobe EPDM R82478 2 - - -

rotor, PL 100, 2-lobe FPM R82458 2 - - -

rotor, PL 100, 2-lobe Harberflex R82781 2 - - -

rotor, PL 200, 2-lobe Buna-N R82568 - 2 - -

rotor, PL 200, 2-lobe EPDM R82578 - 2 - -

rotor, PL 200, 2-lobe FPM R82558 - 2 - -

rotor, PL 200, 2-lobe Harberflex R82791 - 2 - -

rotor, PL 300, 2-lobe Buna-N R82618 - - 2 -

rotor, PL 300, 2-lobe EPDM R82628 - - 2 -

rotor, PL 300, 2-lobe FPM R82608 - - 2 -

rotor, PL 300, 2-lobe Harberflex R82801 - - 2 -

9.2 rotor, 3-lobe Buna-N R82208 2 4 6 8

Quantity PL Series
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Pos. name material article

100 200 300 400

Quantity PL Series

rotor, 3-lobe EPDM R82308 2 4 6 8

rotor, 3-lobe FPM R82408 2 4 6 8

rotor, 3-lobe PUR R82508 2 4 6 8

rotor, 3-lobe, stainless steel St. Steel R82908 2 4 6 8

rotor, 3-lobe PTFE R82809 2 4 6 8

9.3 rotor, PL 100, 2-lobe, adjustable Buna-N R82668 2 - - -

rotor, PL 100, 2-lobe, adjustable EPDM R82658 2 - - -

rotor, PL 100, 2-lobe, adjustable FPM R82678 2 - - -

rotor, PL 200, 2-lobe, adjustable Buna-N R82718 - 2 - -

rotor, PL 200, 2-lobe, adjustable EPDM R82708 - 2 - -

rotor, PL 200, 2-lobe, adjustable FPM R82728 - 2 - -

rotor, PL 300, 2-lobe, adjustable Buna-N R82758 - - 2 -

rotor, PL 300, 2-lobe, adjustable EPDM R82768 - - 2 -

rotor, PL 300, 2-lobe, adjustable FPM R82778 - - 2 -

9.4 screw rotor; ccw; PL 100 Buna-N R9323L9 1 - - -

screw rotor; cw; PL 100 Buna-N R9323R9 1 - - -

screw rotor; ccw; PL 100 EPDM R9324L9 1 - - -

screw rotor; cw; PL 100 EPDM R9324R9 1 - - -

screw rotor; ccw; PL 100 FPM R9325L9 1 - - -

screw rotor; cw, PL 100 FPM R9325R9 1 - - -

screw rotor; ccw; PL 100 Buna R9326L9 1 - - -

screw rotor; cw, PL 100 Buna R9326R9 1 - - -

screw rotor; ccw; PL 200 Buna-N R9327L9 - 1 - -

screw rotor; cw, PL 200 Buna-N R9327R9 - 1 - -

screw rotor; ccw; PL 200 EPDM R9328L9 - 1 - -

screw rotor; cw, PL 200 EPDM R9328R9 - 1 - -

screw rotor; ccw; PL 200 FPM R9329L9 - 1 - -

screw rotor; cw, PL 200 FPM R9329R9 - 1 - -

screw rotor; ccw; PL 200 Buna R9330L9 - 1 - -

screw rotor; cw, PL 200 Buna R9330R9 - 1 - -

screw rotor; ccw; PL 300 Buna-N R9331L9 - - 1 -

screw rotor; cw, PL 300 Buna-N R9331R9 - - 1 -

screw rotor; ccw; PL 300 EPDM R9332L9 - - 1 -

ENGL-Spare-Parts-PL-USA-6.22.01 28
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Pos. name material article

100 200 300 400

Quantity PL Series

screw rotor; cw, PL 300 EPDM R9332R9 - - 1 -

screw rotor; ccw; PL 300 FPM R9333L9 - - 1 -

screw rotor; cw, PL 300 FPM R9333R9 - - 1 -

screw rotor; ccw; PL 300 Buna R9334L9 - - 1 -

screw rotor; cw, PL 300 Buna R9334R9 - - 1 -

10 cover protection plate, hardened steel A 128 R41018 1 1 1 1

cover protection plate, stainless steel St. Steel B41028 1 1 1 1

11 axial casing protection plate, hardened steel AISI 4140 B41058 1 1 1 1

axial casing protection plate, stainless steel St. Steel B51054 1 1 1 1

12.1 radial casing liners; PL100 XAR 400 B41060 2 - - -

radial casing liners; PL200 XAR 400 B41070 - 2 - -

radial casing liners; PL300 XAR 400 B41080 - - 2 -

radial casing liners; PL400 XAR 400 B41090 - - - 2

radial casing liners; PL100; stainless steel St. Steel B41100 2 - - -

radial casing liners; PL200; stainless steel St. Steel B41110 - 2 - -

radial casing liners; PL300; stainless steel St. Steel B41120 - - 2 -

radial casing liners; PL400; stainless steel St. Steel B41130 - - - 2

12.2 clamping part; PL100 Steel B41140 4 - - -

clamping part; PL200 Steel B41150 - 4 - -

clamping part; PL300 Steel B41160 - - 4 -

clamping part; PL400 Steel B41170 - - - 4

clamping part; PL100 St. Steel B41270 4 - - -

clamping part; PL200 St. Steel B41280 - 4 - -

clamping part; PL300 St. Steel B41290 - - 4 -

clamping part; PL400 St. Steel B41300 - - - 4

12.3 socket head cap srew; M10 x 25; 8.8 DIN 912 Z37810 4 8 8 8

socket head cap srew; M10 x 25; A4 DIN 912 Z37830 4 8 8 8

12.4 sealing washer; A 10 x 16 CU Z31309 4 8 8 8

13 stationary holding bush; d = 94 AISI 1045 D45218 2 2 2 2

stationary holding bush; d = 94 St. Steel D45213 2 2 2 2

14 holding bush with thread, steel AISI 1045 D45114 2 2 2 2

holding bush with thread, stainless steel St. Steel D45214 2 2 2 2

15 mechanical seal, cast iron; O-ring, Buna-N cast iron D45008 2 2 2 2
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Spare Parts List PL-Pumps 06/01

Pos. name material article

100 200 300 400

Quantity PL Series

mechanical seal, cast iron; O-ring, EPDM cast iron D45104 2 2 2 2

mechanical seal, cast iron; O-ring, FPM cast iron D45204 2 2 2 2

mechanical seal, cast iron; O-ring, PTFE cast iron D45307 2 2 2 2

mechanical seal, Sic/Sic, O-ring, Buna-N Sic/Buna-N D45504 2 2 2 2

mechanical seal, Sic/Sic, O-ring, EPDM Sic/EPDM D45604 2 2 2 2

mechanical seal, Sic/Sic, O-ring, FPM Sic/FPM D45704 2 2 2 2

mechanical seal, Sic/Sic, O-ring, PTFE Sic/PTFE D45807 2 2 2 2

O-ring, 47x5 x 6,5 PTFE D55307 4 4 4 4

O-ring, 47x5 x 6,5 Buna-N D55317 4 4 4 4

O-ring, 47x5 x 6,5 EPDM D55327 4 4 4 4

O-ring, 47x5 x 6,5 FPM D55337 4 4 4 4

16 driving shaft, PL 100 AISI 4140 W41114 1/2 - - -

driving shaft, PL 200 AISI 4140 W41214 - 1/2 - -

driving shaft, PL 300 AISI 4140 W41314 - - 1/2 -

driving shaft, PL 400 AISI 4140 W41414 - - - 1/2

17 short shaft; PL 100 AISI 4140 W41124 1/0 - - -

short shaft; PL 200 AISI 4140 W41224 - 1/0 - -

short shaft; PL 300 AISI 4140 W41324 - - 1/0 -

 short shaft; PL 400 AISI 4140 W41424 - - - 1/0

18 shaft with SAE-profile, PL 100 AISI 4140 W41104 2 - - -

shaft with SAE-profile, PL 200 AISI 4140 W41204 - 2 - -

shaft with SAE-profile, PL 300 AISI 4140 W41304 - - 2 -

shaft with SAE-profile, PL 400 AISI 4140 W41404 - - - 2

19.1 gear wheel with parallel keyway; bottom AISI 4140 E12104 1 1 1 1

19.2 gear wheel with parallel keyway; top AISI 4140 E12110 1 1 1 1

22 spacer sleeve AISI 1045 C79904 - 2 4 6

distance bushing, 3-lobe; rotor/rotor st. steel St. Steel C79919 - 2 4 6

24 cover disc for 3-lobe rotor, steel St 50 ASTM A570 C80004 2 2 2 2

cover disc for 3-lobe rotor, stainless steel St. Steel C80104 2 2 2 2

25 gasket, PL 100 Buna-N F82018 2 - - -

gasket, PL 100 EPDM F82134 2 - - -

gasket, PL 100 FPM F82144 2 - - -

gasket, PL 100 PTFE F82057 2 - - -
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Spare Parts List PL-Pumps 06/01

Pos. name material article

100 200 300 400

Quantity PL Series

gasket, PL 200 Buna-N F82028 - 2 - -

gasket, PL 200 EPDM F82234 - 2 - -

gasket, PL 200 FPM F82244 - 2 - -

gasket, PL 200 PTFE F82067 - 2 - -

gasket, PL 300 Buna-N F82038 - - 2 -

gasket, PL 300 EPDM F82334 - - 2 -

gasket, PL 300 FPM F82344 - - 2 -

gasket, PL 300 PTFE F82077 - - 2 -

gasket, PL 400 Buna-N F82048 - - - 2

gasket, PL 400 EPDM F82434 - - - 2

gasket, PL 400 FPM F82444 - - - 2

30 O-ring; cover; 792x7 Buna-N O45408 1 1 1 1

O-ring; cover; 792x7 EPDM O45424 1 1 1 1

O-ring; cover; 792x7 FPM O45418 1 1 1 1

O-ring; cover; 792x7 PTFE O45438 1 1 1 1

31 O-ring; 54x4 Buna-N O45508 2/4 2/4 2/4 2/4

O-ring; 54x4 EPDM O45524 2/4 2/4 2/4 2/4

O-ring; 54x4 FPM O45518 2/4 2/4 2/4 2/4

O-ring; 54x4 PTFE O45537 2/4 2/4 2/4 2/4

33 O-ring; 80x3 Buna-N O45708 2 2 2 2

O-ring; 80x3 EPDM O45724 2 2 2 2

O-ring; 80x3 FPM O45718 2 2 2 2

O-ring; 80x3 PTFE O45737 2 2 2 2

34 O-ring; spacer sleeve; 55x3 Buna-N O45804 - 4 8 12

O-ring; spacer sleeve; 55x3 EPDM O45824 - 4 8 12

O-ring; spacer sleeve; 55x3 FPM O45814 - 4 8 12

O-ring; spacer sleeve; 55x3 PTFE O55807 - 4 8 12

36 oil seal, 45x70x10 Buna-N S16508 1/2 1/2 1/2 1/2

37 double-lip oil seal; 55x80x10 DUO Buna-N S16108 2 2 2 2

double-lip oil seal; 55x80x10 DUO FPM S16118 2 2 2 2

40 cylindrical roller bearing DIN 5412 S14608 2 2 2 2

41 self-align roller bearing DIN 635 S14508 2 2 2 2

42 hardened sleeve, 50x55x20 DIN 5405 S16008 2 2 2 2
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Spare Parts List PL-Pumps 06/01

Pos. name material article

100 200 300 400

Quantity PL Series

43 hardened sleeve, 40x45x20 DIN 5405 S16708 1/2 1/2 1/2 1/2

46 feather key, 14x9x32 DIN 6885 S14324 2 2 2 2

50 cover nut; M 16 DIN 582 Z32208 4 4 4 4

52 countersunk screw; M8x20; stainless steel DIN 7991 Z38208 2 2 2 2

53 screw stud; M16x45 DIN 939 Z32108 4 4 4 4

55.1 dowel pin; 14x32 DIN 7979 Z33508 2 2 2 2

55.2 dowel pin; 14x40 DIN 7978 Z33608 2 2 2 2

56 hexagon head screw; M8x20 DIN 933 Z39108 12 16 20 24

57 hexagon head screw; M10x30 DIN 933 Z39208 12 12 12 12

58 socket head cap screw; M8x20 DIN 912 Z39308 12 12 12 12

59 socket head cap screw; M10x40 DIN 912 Z39408 12 12 12 12

60 lifting eye bolt; M 12 DIN 580 Z39508 1 1 1 1

61 spring washer; A 10 DIN 127 Z39525 12 12 12 12

62 feather key, driving shaft; A10x8x70 DIN 6885 Z39018 1/2 1/2 1/2 1/2

63 feather key for 2-lobe rotor; 14x9x24 DIN 6885 S14338 2 - - -

feather key for 2-lobe rotor; 14x9x79 DIN 6885 S14348 - 2 - -

feather key for 2-lobe rotor; 14x9x70/64 DIN 6885 S14358 - - 2 -

feather key for 3-lobe rotor; 14x9x32 DIN 6885 Z39024 2 - - -

feather key for 3-lobe rotor; 14x9x90 DIN 6885 Z39034 - 2 - -

feather key for 3-lobe rotor; 14x9x80/63 DIN 6885 Z39044 - - 2 -

feather key for 3-lobe rotor; 14x9x100/99 DIN 6885 Z39054 - - - 2

64 socket head cap screw, M16x40; (10.9) DIN 912 Z39608 2 2 2 2

socket cap head screw, M16x40 A4 st. steel Z39603 2 2 2 2

65 oil gauge, R1" brass Z18508 1 1 1 1

66 oil drain screw, inspection chamber; R 1/2" DIN 908 Z19308 2 2 2 2

67 air vent screw; R 1/2" brass Z19108 1 1 1 1

69 stopper B 146 PE Z19508 1 1 1 1

70 sealing washer; A 33 x 38 Cu K22208 2 2 2 2

71 sealing washer; A 17 x 23 Cu K22503 2 2 2 2

74 sealing washer; A 21 x 26 Cu K22408 3 3 3 3

77 circlip J 110 DIN 472 K23008 2 2 2 2

78 gear case locking screw; R 1" DIN 910 Z22815 1 1 1 1

80 sealing compound (tube 50 ml) U22308 1 1 1 1

ENGL-Spare-Parts-PL-USA-6.22.01 32

212

212



Spare Parts List PL-Pumps 06/01

Pos. name material article

100 200 300 400

Quantity PL Series

sealing compound (tube 250 ml) U22208 1 1 1 1

90 withdrawal tool for 3-lobe rotor ASTM A570 U22908 1 1 1 1

91 withdrawal tool for 2-lobe rotor ASTM A570 U22918 1 1 1 1

93 special tool for mechanical seal U22948 1 1 1 1

95 special tool for holding bush ASTM A570 U22968 1 1 1 1
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6. DISSOLVED AIR FLOTATION (DAF) SYSTEM  
 
       I. BOTTOM SLUDGE REMOVAL SYSTEM COMPONENTS  
 
b. Cone bottom solenoid valve manifold (Tag ID: KV130) 
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VV5FS2-20

Specifications
Keeps environmental air 
clean from pilot exhaust
Use of the VV5FS2-30 manifold can exhaust 
side, and can prevent environmental 
aggravation due to noise and oil mist. Port Specifications

Option

How to Order Manifold Base

VV5FS2-30

Manifold base type
Stations Max. 15 stations

Bar manifold, Body ported

Passage
Symbol Valve

2(B), 4(A)
Base

3(R2), 5(R1)
Base
1(P)

Side:     
5(R1), 3(R2)

Common
1(P)

Common1

Porting specifications: Rc

3 8 Side:     3 8Top:         1 8, 1 4

Blanking plate VVFS2000-10A-1 With gasket, screw

10520 03
Series VFS2000

Manifold

Symbol

1

Passage Porting specifications
2(B), 4(A)3(R2), 5(R1)

Top

Stations

Base model

VV5FS2

Model Applicable valve model

20

30

Pilot exhaust
Pilot individual EXH

VFS2�20-��-

Pilot common EXH

2 stations

15 stations 

02

15

3 8

Rc 1 8, 1 4

VFS2�30-��-01
02

∗VFS2�20-��-01
02

mountable

Nil
N∗

Rc
NPT

NPTF
G

T∗
F∗

∗ Option

Thread type

P, EA, EB port size 
03–Rc

01
02

How to Order Manifold Assembly

<Examble>
(Manifold base)
(2 position single)
(2 position double)
(Blanking plate)

1
3
2
1

VV5FS2-20-061-03
VFS2120-1D-02
VFS2220-1D-02
VVFS2000-10A-1

Part no. for mounting bolt and gasket
BG-VFS2030

Series VFS2000
Manifold Specifications 
Single Base Type

•••

•••

Instruct by specifying the valves and blanking plate to be 
mounted on the manifold along with the manifold base model no. 

1(P)
Common

3 8Rc
Common

3 8Rc

3-8-22 297259
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Hoon
Text Box
Manifold Model #:  NVVFS-01T-061-02T

John
Text Box
Valve Model #:  NVFS2100-5FZ

John
Text Box
Tag #:  KV130, KV131, KV132, KV133



2
58
68

L
L1

L2

3
83
93

4
108
118

5
133
143

6
158
168

7
183
193

8
208
218

9
233
243

10
258
268

Formula
L1 = 25 x n + 8
L2 = 25 x n + 18

Stations
n: Station

Grommet terminal: E/EZ Conduit terminal: T/TZ DIN terminal: D/DZ

Formula for manifold weight M = 0.108n + 0.068 (kg)  n: Station

( ): Y, YZ

Grommet: G

Pilot individual exhaust: VV5FS2-20-            1-03Type 20 Manifold Station

U side
D side

2n-Rc 1/8, 1/4

M3 x 44

4-ø5 mounting hole

P = 25 Blanking plate

Pilot EXH

Gasket

Lead wire O.D.
Max. ø3.5

Applicable heavy-duty code
O.D. ø6 to ø8

6-Rc 3/8

Applicable heavy-duty code
O.D. ø6 to ø8 (Y: ø4.7 to ø7)

6-Rc 3/8

3 
po

si
tio

n 
(1

93
)

D
ou

bl
e 

(1
82

)

S
in

gl
e 

(1
25

)

(With light/surge voltage suppressor: 91.5)

(With light/surge voltage suppressor: 101)

3 
po

si
tio

n 
(2

29
)

D
ou

bl
e 

(2
19

)

S
in

gl
e 

(1
43

)

(With light/surge voltage suppressor: 96)

(With light/surge voltage suppressor: 106)

3 
po

si
tio

n 
(2

29
)

D
ou

bl
e 

(2
19

)

S
in

gl
e 

(1
43

.5
)

(With light/surge voltage suppressor: 108.5 (110.5))

(With light/surge voltage suppressor: 117.5 (119.5))

Stations

≅300
(Lead wire length)

6-Rc 3/8

6-Rc 3/8

3-8-23

Series VFS20005 Port Pilot Operated Solenoid Valve
Metal Seal, Body Ported

VK

VZ

VF

VFR

VP4

VZS

VFS

VS4

VQ7

EVS

VFN

298260

216

216



Grommet terminal: E/EZ Conduit terminal: T/TZ DIN terminal: D/DZ/Y/YZ

Formula for manifold weight M = 0.12n + 0.21 (kg)  n: Station

2
62
92

L
L1

L2

3
87

117

4
112
142

5
137
167

6
162
192

7
187
217

8
212
242

9
237
267

10
262
292

Formula
L1 = 25 x n + 12
L2 = 25 x n + 42

Stations

n: Station

( ): Y, YZ

Pilot common exhaust: VV5FS2-30-            1-03

Grommet: G

Type 30 Manifold Station

U side D side

2n-Rc 1/8, 1/4

M3 x 44

4-ø5 mounting hole

P = 25 Blanking plate

Gasket

3 
po

si
tio

n 
(1

93
)

D
ou

bl
e 

(1
82

)

S
in

gl
e 

(1
25

)

3 
po

si
tio

n 
(2

29
)

D
ou

bl
e 

(2
19

)

S
in

gl
e 

(1
43

)

Stations

Lead wire O.D.
Max. ø3.5

6-Rc 3/8

6-Rc 3/8

Applicable heavy-duty code
O.D. ø6 to ø8

(With light/surge voltage suppressor: 102.5)

(With light/surge voltage suppressor: 112.5)

3 
po

si
tio

n 
(2

29
)

D
ou

bl
e 

(2
19

)

S
in

gl
e 

(1
43

.5
)

6-Rc 3/8

Applicable heavy-duty code
O.D. ø6 to ø8

(Y: ø4.7 to ø7)

(With light/surge voltage suppressor: 115 (117))

(With light/surge voltage suppressor: 124 (126))

(With light/surge voltage suppressor: 98)

(With light/surge voltage suppressor: 107.5)

6-Rc 3/8

4-M5 (Pilot EXH port)

≅300
(Lead wire length)

Series VFS2000

3-8-24 299261
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The insert plug is attached to the manifold 
block and lead wire is plugged into the valve 
side. Please connect with corresponding 
power side.

01VV5FS2

Plug-in type
With attachment plug lead wire

Port size
Symbol
01
02

A, BP, EA, EB

Rc Rc 
Rc 

M Mixed

106 01
Series VFS2000

Manifold

2 stations

15 stations 

02

15

Stations 1 41 4

1 8

Symbol

∗ Option

Nil
N∗

Rc
NPT

NPTF
G

T∗
F∗

∗ Option

Thread type

Symbol

 1
2∗

Side
Bottom

Passage Porting 
specifications

A, B EA, EBP

CommonCommon

3∗
4∗

Side
Bottom

IndividualCommon

5∗
6∗

Side
Bottom

CommonIndividual

7∗
8∗

Side
BottomIndividualIndividual

Since lead wires of solenoid valve are connected 
with the terminals on upper surface of terminal 
block, corresponding lead wires from power source 
can be wired at the bottom of terminal block.

VV5FS2

Port size
Symbol

01
02

A, BP, EA, EB

Rc Rc 
Rc 

M Mixed

108 02
Series VFS2000

Manifold

2 stations

15 stations 

02

15

Stations
1 41 4

1 8

Symbol

∗ Option

Nil
N∗

Rc
NPT

NPTF
G

T∗
F∗

∗ Option

Thread type

Symbol

1
2∗

Side
Bottom

Passage
EA, EBP

CommonCommon

3∗
4∗

Side
Bottom

Individual

Individual
5∗
6∗

Side
Bottom

Common

Common

7∗
8∗

Side
Bottom

IndividualIndividual

01T 1

Plug-in type
With terminal block

Junction cover

Nil

1

Separate junction
cover

One-piece junction
cover

• Master connection of power and solenoid valves.
• Quick wiring permits ease of installation. VV5FS2

Port size
Symbol

01
02

A, BP, EA, EB

Rc Rc 
Rc 

M Mixed

205 01

2 stations

8 stations

02

08

Stations 1 41 4

1 8

∗ Max. 8 stations

Symbol

∗ Option

Nil
N∗

Rc
NPT

NPTF
G

T∗
F∗

∗ Option

Thread type

Symbol

1
2∗

Side
Bottom

Passage
EA, EBP

CommonCommon

3∗
4∗

Side
Bottom

Individual

Individual
5∗
6∗

Side
Bottom

Common

Common

7∗
8∗

Side
Bottom

IndividualIndividual

01C 1D
Plug-in type

With multi-connector

Junction cover

1 One-piece junction
cover

1 One-piece junction
cover

Series
VFS2000
Manifold

D side mounting

U side mounting
D
U

Junction cover

D side mounting

U side mounting
D
U

Connector mounting direction

VV5FS2

Port size
Symbol
01
02

A, BP, EA, EB

Rc
Rc 
Rc 

M Mixed

106 01

2 stations

8 stations

02

08

Stations
1 41 4

1 8

Symbol

∗ Option

Nil
N∗

Rc
NPT

NPTF
G

T∗
F∗

∗ Option

Thread type

Symbol

1
2∗

Side
Bottom

Passage
EA, EBP

CommonCommon

3∗
4∗

Side
Bottom

Individual

Individual5∗
6∗

Side
Bottom

Common

Common

7∗
8∗

Side
Bottom

IndividualIndividual

01F 1U
Plug-in type

With D-sub connector
Series

VFS2000
Manifold Connector mounting direction

∗ Max. 8 stations

10VV5FS2

Non plug-in type Port size
Symbol

01
02

A, BP, EA, EB

Rc Rc 
Rc 

M Mixed

205 01
Series VFS2000

Manifold

2 stations

15 stations 

02

15

Stations
1 41 4

1 8

Symbol

∗ Option

Nil
N∗

Rc
NPT

NPTF
G

T∗
F∗

∗ Option

Thread type

Symbol

 1
2∗

Side
Bottom

Passage
EA, EBP

CommonCommon

3∗
4∗

Side
Bottom

IndividualCommon

5∗
6∗

Side
Bottom

CommonIndividual

7∗
8∗

Side
Bottom

IndividualIndividual

Note) The individual specification of the P port at the composition symbol 3 to 8 or the EA, EB, ports should be taken as individual port using a block plate. 
Therefore, if an individual port is using a single SUP spacer of option or a single EXH spacer, the composition symbol mark is “1”.

Series VFS2000
Manifold Specifications

Plug-in Type: With Attachment Plug Lead Wire

Plug-in Type: With Terminal Block

Plug-in Type: With D-sub Connector (Wiring specifications: Refer to page 3-8-8.)

Non Plug-in Type: Grommet, Grommet Terminal, Conduit Terminal, DIN Terminal

• Wide range of interchangeability
(D-sub connector (25P) conforming to MIL 
standard)

• Quick wiring permits easier installation.

• Wiring for every valve

•••

••• ∗ For bottom ported, 
Rc 1/8 is only 
available.

∗ For bottom ported, 
Rc 1/8 is only 
available.

∗ For bottom 
ported, Rc 1/8 is 
only available.

∗ For bottom 
ported, Rc 1/8 is 
only available.

∗ For bottom ported, 
Rc 1/8 is only 
available.

Porting 
specifications

A, B 

Porting 
specifications

A, B 

Porting 
specifications

A, B 

Porting 
specifications

A, B 

··· ···

··· ···

··· ···

··· ···

With attachment plug lead wire

One-piece junction cover

Individual junction cover Conduit port

Plug
assembly
Refer to page 3-8-8.

Plug assembly

Refer to page 3-8-8.

Multi-connector

D-sub connector

U side

U side

D side

D side

3-8-41

VK

VZ

VF

VFR

VP4

VZS

VFS

VS4

VQ7

EVS

VFN

300262

218

218



Individual SUP spacer
An individual SUP spacer set on manifold 
block can form SUP port for every valve.

Manifold Specifications

Please indicate manifold base type, 
corresponding valve, and option parts. 

<Example>
• Plug-in type with terminal block

(6 stations, one-piece style junction cover)
(Manifold base) VV5FS2-01T1-061-02····· 1
(2 position single) VFS2100-5FZ·············· 3
(2 position double) VFS2200-5FZ············· 2
(Blanking plate) VVFS2000-10A··············· 1

• Non plug-in type (6 stations)
(Manifold base) VV5FS2-10-061-01········· 1
(2 position single) VFS2110-5D ··············· 3
(3 position exhaust center) VFS2410-5D········ 1
(Individual EXH spacer) VVFS2000-R-01-2···· 1

Flow Characteristics at the Number of Manifold Stations (Operated individually) 

Individual EXH spacer
An individual EXH spacer set on manifold 
block can form EXH port for every valve. 
(Common EXH type)

SUP block disk
When supplying manifold with more than two 
different pressures, high and low, insert a 
block disk in between stations subjected to 
different pressures.

EXH block disk
When valve exhaust affects the other 
stations on the circuit or when the reverse 
pressure valve is used to standard manifold 
valve, insert EXH block disk in between 
stations to separate valve exhaust.

Double check spacer
If the double check spacer with a built-in 
double check valve is combined, it will 
enable the cylinder to stop in the 
intermediate stroke and maintain its position 
for a long time without being affected by the 
leakage between the spools.

How to Order Manifold Assembly

Base model

Plug-in type
VV5FS2-01�

Non plug-in type
VV5FS2-10

Wiring

• With attachment plug lead wire
• With terminal block
• With multi-connector
• With D-sub connector
• Grommet
• Grommet terminal
• Conduit terminal
• DIN terminal

Porting
specifications

A, B port

Side/Bottom

P, EA, EB

1 4 1 8 1 4

Port size Rc
A, B

Stations

 2 to 15∗
stations

Applicable 
valve model

VFS2�00-�F

VFS2�10-�G
VFS2�10-�E
VFS2�10-�T
VFS2�10-�D

∗ With circular connector, with D-sub connector: 8 stations at the maximum.

, 

4/2 � 5/3
(A/B � R1/R2)

C [dm3/(s·bar)]
b

Cv

Passage/Stations

1 � 4/2
(P � A/B)

Station 1 Station 5 Station 10

b
C [dm3/(s·bar)] 2.4

0.14
0.50
2.5
0.18
0.60

2.4
0.14
0.50
2.5
0.18
0.60

2.4
0.14
0.50
2.5
0.18
0.60

Cv

Model

VVFS2

∗ Port size Rc 1 4

Body type

Pa
rt 

no
.

Rc 1 8

Plug-in type
VVFS2000-P-01-1

Non plug-in type
VVFS2000-P-01-2

Rc 1 4 VVFS2000-P-02-1 VVFS2000-P-02-2
Body type Plug-in type

ARBF2000-00-P-1
Non plug-in type
ARBF2000-00-P-2P port regulation Body type Plug-in type

VVFS2000-10A
Non plug-in type

Part no.

Body type

Pa
rt 

no
.

Rc 1 8

Plug-in type
VVFS2000-R-01-1

Non plug-in type
VVFS2000-R-01-2

Rc 1 4 VVFS2000-R-02-1 VVFS2000-R-02-2

Body type Plug-in type
VVFS2000-21A-1

Non plug-in type
VVFS2000-21A-2Part no.

Body type Plug-in type
AXT625-12A

Non plug-in type
Part no. Body type Plug-in type

VVFS2000-24A-1 
Non plug-in type
VVFS2000-24A-2 Part no. L

R
L
R

Note) L: U side mount   R: D side mount

Body type Plug-in type
AXT625-12A

Non plug-in type
Part no.

Body type Plug-in type
VVFS2000-20A-1

Non plug-in type
VVFS2000-20A-2Part no. Body type Plug-in type

VVFS2000-22A-1
Non plug-in type
VVFS2000-22A-2Part no.

Air shutoff valve spacer
When stopping supply air and releasing 
residual pressure after completion of work, 
actuators may move from original position. 
Air shut off valve spacer makes it possible to 
stop actuators in original position for 
extended periods.

Air release valve spacer
The concurrent use of air release valve 
spacer with VFS21�0 can release air.

∗ Not mountable for standard type sub-plate.

Accessory
One pair of gasket and mounting thread is 
attached to every option parts assembly.

With control unit
Plug-in type/Non plug-in type
• Filter, regulation valve, pressure switch 

and air release valve are all combined to 
form one unit.

• Piping processes are eliminated.

With serial interface unit
for serial transmission
Plug-in type
• Solenoid valve wiring process reduced 

considerably.
• Disperse installation possible.

Manifold solenoid valve: 8 stations max. 
32 positions (512 solenoids).

• Maintenance and inspection are easy.

Blanking plate
It is used by attaching on the manifold block 
for being prepared for removing a valve for 
maintenance reasons or planning to mount a 
spare valve, etc.

Throttle valve spacer
Needle valve set on the manifold block can 
control cylinder speed by throttling exhaust.

Manifold Option

For details, refer to page 3-8-47.

For details, refer to “Serial Transmission” 
catalog separately.

Interface regulator (P port regulation)
Interface regulator set on manifold block can 
regulate the pressure to each valve. Refer to 
“Flow Characteristics” on page 3-8-6.

Manifold Option Parts Assembly

Series VFS2000

3-8-42 301263
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Bottom ported:

Stations
L

L1

L2

1
75
84

2
103
112

3
131
140

4
159
168

5
187
196

6
215
224

7
243
252

8
271
280

9
299
308

10
327
336

Formula
L1 = 28 x n + 47
L2 = 28 x n + 56

n: StationsFormula for manifold weight M = 0.174n + 0.218 (kg)

Formula for manifold weight M = 0.201n + 0.299 (kg)  n: Station

Plug-in type, Non plug-in typeManifold

2(B), 4(A) port

2(B), 4(A) port

Stations

Stations

2(B), 4(A) port

2(B), 4(A) port

With light/surge voltage suppressor

1(P), 3(R2), 5(R1) port

1(P), 3(R2), 5(R1) port

≅3
00

 m
m

(L
ea

d 
w

ire
 le

ng
th

)

Pilot EXH port

Pilot EXH port

U side

U side

D side

D side

2n-Rc 1/8

2n-Rc      1 8

6-Rc      1 4

2n-Rc     , 1 8 1 4

2n-Rc     , 1 8 1 4

2-Rc      1 8

6-Rc 1/4

2-Rc 1/8

2-G 1/2 
Electrical entry

Station Port sizePlug-in type (Insert plug with lead wire): VV5FS2-01-              1- 

Station Port size
Bottom ported:
VV5FS2-01-              2- 

Station Port sizeNon plug-in type: VV5FS2-10-              1- 

Station Port sizeVV5FS2-10-              2- 

3-8-43

Series VFS20005 Port Pilot Operated Solenoid Valve
Metal Seal, Plug-in/Non Plug-in

VK

VZ

VF

VFR

VP4

VZS

VFS

VS4

VQ7

EVS

VFN

302264

220

220



Bottom ported:

Formula for manifold weight M = 0.236n + 0.354 (kg)  n: Station

Formula for manifold weight M = 0.215n + 0.35 (kg)  n: Station

Stations
L

L1

L2

1
75
84

2
103
112

3
131
140

4
159
168

5
187
196

6
215
224

7
243
252

8
271
280

9
299
308

10
327
336

Formula
L1 = 28 x n + 47
L2 = 28 x n + 56

Plug-in type: Individual/One-piece junction coverManifold

Bottom ported:

2(B), 4(A) port

Stations

2(B), 4(A) port

With light/surge voltage suppressor

1(P), 3(R2), 5(R1) port

Pilot EXH port

U side

D side

6-Rc      1 4

2-Rc      1 8

3 42-G 
Electrical entry

2(B), 4(A) port

Stations

2(B), 4(A) port

With light/surge voltage suppressor

1(P), 3(R2), 5(R1) port

Pilot EXH port

U side

D side

2n-Rc      1 8

3 42-G 
Electrical entry

2n-Rc     , 1 8 1 4

2n-Rc      1 8

2n-Rc      1 8

2n-Rc     , 1 8 1 4

6-Rc      1 4

Station Port sizePlug-in type with terminal block (Individual junction covers): VV5FS2-01T-               1-

Station Port sizeVV5FS2-01T-              2- 

Station Port sizePlug-in type with terminal block (One-piece junction covers): VV5FS2-01T1-               1-

Station Port sizeVV5FS2-01T1-              2-

Series VFS2000

3-8-44 303265
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Plug-in type with D-sub connector: VV5FS2-01FD1-               1-                  , VV5FS2-01FU1-               1- 

Stations
L

L1

L2

1
75
84

2
103
112

3
131
140

4
159
168

5
187
196

6
215
224

7
243
252

8
271
280

Formula
L1 = 28 x n + 47
L2 = 28 x n + 56

n: Stations

Bottom ported:

Plug-in with multi-connector/with D-sub connectorManifold

Formula for manifold weight M = 0.178n + 0.378 (kg) 
∗ Wiring specifications: Refer to page 3-8-8.

Formula for manifold weight M = 0.211n + 0.442 (kg)  n: Station
∗ Wiring specifications: Refer to page 3-8-8.

Bottom ported:
2n-Rc     , 1 8 1 4

6-Rc      1 4

2(B), 4(A) port

Plug assembly: VVFS2000-30A-�
(Option: Refer to page 3-8-8.)

Plug assembly: VVZS3000-21A-�
(Option: Refer to page 3-8-8.)

Stations

Stations

Pilot EXH port

1(P), 3(R2), 5(R1) port

With light/surge voltage suppressor

With light/surge voltage suppressor

U side

D side

U side

2n-Rc      1 8

2(B), 4(A) port
2n-Rc      1 8

2(B), 4(A) port

2n-Rc     , 1 8 1 4

2(B), 4(A) port

6-Rc      1 4

1(P), 3(R2), 5(R1) port

2n-Rc      1 8

Pilot EXH port
2-Rc      1 8

D side

Plug-in with multi-connector: VV5FS2-01CD1-              1-                 , VV5FS2-01CU1-              1- Station Port size Station Port size

Station Port sizeVV5FS2-01CD1
CU1-              2- 

Station Port sizeVV5FS2-01FD1
FU1-             2- 

Station Port size Station Port size

3-8-45

Series VFS20005 Port Pilot Operated Solenoid Valve
Metal Seal, Plug-in/Non Plug-in

VK

VZ

VF

VFR

VP4

VZS

VFS

VS4

VQ7

EVS

VFN

304266

222

222



Individual SUP spacer:
VVFS2000-P-01

02-1 (Plug-in type)
VVFS2000-P-01

02-2 (Non plug-in type)

Individual EXH spacer:
VVFS2000-R-01

02-1 (Plug-in type)
VVFS2000-R-01

02-2 (Non plug-in type)

SUP block disk: AXT625-12A
EXH block disk: AXT625-12A

Throttle valve spacer:
VVFS2000-20A-1 (Plug-in type)
VVFS2000-20A-2 (Non plug-in type)

Release valve spacer:
VVFS2000-24A-1R

L (Plug-in type)
VVFS2000-24A-2R

L (Non plug-in type)

Double check spacer:
VVFS2000-22A-1 (Plug-in type)
VVFS2000-22A-2 (Non plug-in type)

Interface regulator:
ARBF2000-00-P-1 (Plug-in type)
ARBF2000-00-P-2 (Non plug-in type)

Air shutoff valve spacer:
VVFS2000-21A-1 (Plug-in type)
VVFS2000-21A-2 (Non plug-in type)

Note) VVFS2000-14A-   R. D-side mounting.

Plug-in type, Non plug-in typeManifold Option Parts

1
2

Individual SUP spacer Interface regulator

Individual EXH port

Block disk

Throttle valve spacer

Release valve spacer

Valve VFS21�0 (Single)

SUP port

Double check spacer

EXH port

Air shutoff valve spacer

SUP port

Series VFS2000

3-8-46 305267
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Manifold

Wiring

Applicable valve model

Porting specifications
Rc

Stations

Plug-in type: VV5FS2-01� Non plug-in type: VV5FS2-10
Plug-in with attachment plug lead wire 

With terminal block
With multi-connector
With D-sub connector

Grommet
Grommet terminal
Conduit terminal

DIN terminal 

VFS2�00-�F
VFS2�10-�G, VFS2�10-�E
VFS2�10-�T, VFS2�10-�D

Common SUP, Common EXH
Side: Rc 1/8, 1/4, Bottom: Rc 1/8 (Option)

Side: Rc 1/4, 1/8, Bottom: Rc 1/8 (Option)
2 to 15 stations∗

∗ With multi-connector, or D-sub connector: 8 stations max.

2(B), 4(A) port
1 (P), 3(R2), 5(R1) port

Manifold Specifications• Control unit (Filter, Regulator, 
Pressure switch, Air release valve) 
are all standardized to the one unit, 
and can be mounted on the 
manifold base without any 
attachments. 

• Piping processes are eliminated.

Plug-in type

Non plug-in type

Control Unit Specifications Control Unit/Option

When using an air filter with auto-drain or 
manual drain, mount the filter vertically.

Manifold with Control Unit

Air filter (With auto-drain/With manual drain)
Filtration degree
Regulator
Set pressure (Outlet pressure)
Pressure switch (1)

Set pressure range: OFF
Differential
Contact

Max. switch capacity

Max. operating current

Air release valve (Single only)
Operating pressure range

5 μm

0.05 to 0.85 MPa

0.1 to 0.6 MPa

0.1 to 1.0 MPa

0.08 MPa or less
1a

Indicator light LED (RED)
2 VA AC, 2 W DC

24 VAC/DC or less: 50 mA
100 VAC/DC: 20 mA

Air release
valve 
spacer

Pressure switch (3)

Blanking
plate

Filter element

<Plug-in type>
VVFS2000-24A-1R (D side mounting)
VVFS2000-24A-1L (U side mounting)
<Non plug-in type>
VVFS2000-24A-2R (D side mounting)
VVFS2000-24A-2L (U side mounting)

IS1000P-2-1
With control unit/Filter regulator

Pressure switch
Release valve

MP2-2
MP3-2

AXT625-18A
111511-5B

Note 1) Voltage: 24 VDC to 100 VAC
Inner voltage drop: 4 V

Note 2) Refer to manifold option parts on 
page 3-8-42.

Note 3) The non plug-in type cannot be 
mounted afterwards.

VV5FS2 10 08 1 01 AP
Series VFS2000

Manifold

Air filter with auto-drain �

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

� �

�

�

� �

� �

��

�

Control equipment
Symbol

Air filter with manual drain
Regulator
Air release valve
Pressure switch
Blanking plate (Air release valve)

Blanking plate (Pressure switch)

Number of manifold blocks
required for mounting (stations) 

2 

�Blanking plate (Filter, Regulator)

2 2 2 2 2 2 1

Nil A AP M MP F G C E

Control unit type

Air release valve coil rating
Nil None (F, G type only)

100 VAC, 50/60 Hz
24 VDC
Other

1
5
9Plug-in type with attachment plug lead wire

Plug-in type with terminal block
01

01T
Plug-in type with multi-connector
Plug-in type with D-sub connector

Non plug-in type

01C
01F
10

Symbol Applicable base

D
Nil

U
01C, 01F

01, 01T, 10
With connector

D side mounting
None

U side mounting

Connector mounting direction

Base type/Electrical entry

2 stations

15 stations 

02

15∗

Stations

Stacking type
Integrated type

Nil
1

Junction cover ∗ Base type
01, 01T, 10: 2 to 15 stations
01C, 01F: 2 to 8 stations

(Manifold base)
(2 position single)

Symbol

Symbol

1 Side
2∗ Bottom
3∗ Side
4∗ Bottom
5∗ Side
6∗ Bottom
7∗ Side
8∗ Bottom

Passage Porting
specifications

B, AEA, EBP

CommonCommon

IndividualCommon

CommonIndividual

IndividualIndividual

<Example>
• Plug-in type with terminal block
(Manifold base)
(2 position single)
(2 position double)
∗ 2 stations are needed to mount control unit.

• Non plug-in type

∗ 2 stations are needed to mount control unit.

1
5
2

1
5

VV5FS2-01T1-091-02-MP5
VFS2100-5FZ
VFS2200-5FZ

VV5FS2-10-071-01-M
VFS2110-5D

The individual specification of the P port in the composition 
symbol marks 3 to 8 or EA, EB ports should be taken as 
individual port using a block plate. Therefore, if an individual 
port is taken using a single SUP spacer of option or a single 
EXH spacer, the composition symbol mark is “1”.

Note) Stacking type:
Base type 01, 01T
Integrated type:
Base type 01T, 01C, 01F

∗ Option

Port size
Symbol

01
02

B, AP, EA, EB

Rc
Rc 
Rc 

M Mixed

1 41 4

1 8

Nil
N∗

Rc
NPT

NPTF
G

T∗

F∗

∗ Option

Thread type

Note) The manifold of plug-in type with attachment plug lead wire is applied to individual type only. Non plug-in type has no junction How to Order

Please indicate manifold base type, corresponding valve, 
and option parts.

Caution

··· ···

(2)

3-8-47

Series VFS20005 Port Pilot Operated Solenoid Valve
Metal Seal, Plug-in/Non Plug-in

VK

VZ

VF

VFR

VP4

VZS

VFS

VS4

VQ7

EVS

VFN

306268

224

224



Plug-in type: Example for manifold

Example for manifold

Stations
L

L1

L2

3
131
140

4
159
168

5
187
196

6
215
224

7
243
252

8
271
280

9
299
308

10
327
336

Formula
L1 = 28 x n + 47
L2 = 28 x n + 56

L3 (MP) 278 306 334 362 390 418 446 474 L3 = 28 x n + 194
L3 (AP) 319.5 347.5 375.5 403.5 431.5 459.5 487.5 515.5 L3 = 28 x n + 235.5

n: Stations

Plug-in type, Non plug-in typeManifold with Control Unit

Stations

Stations

Pressure switch

Pressure switch

With light/surge
voltage
suppressor

Control unit

Pilot EXH port

Pilot EXH port

Electrical entry

Pressure switch
electrical entry

Po port

Po port

1(P), 3(R2), 5(R1) port

Control unit

Outlet for check

Individual SUP spacer

Double check spacer

Individual EXH spacer

A
ir 

re
le

as
e 

va
lv

e
A

ir 
fil

te
r

re
gu

la
to

r

Control unit

Outlet for check

Individual SUP spacer

Double check spacer

Individual EXH spacer

A
ir 

re
le

as
e 

va
lv

e
A

ir 
fil

te
r

re
gu

la
to

r

Air release valve

Pressure switch

Air release valve

U side

U side

D side

D side

2n-Rc     , 1 8 1 4

6-Rc      1 4

2n-Rc     , 

2-Rc   

A, B port

1 8

1 8

2-G   3 4

1 4

Non plug-in type:

Station Port size Control unit Voltage for release valveVV5FS2-01T-              1-                 - 

Station Port size Control unit Voltage for release valveVV5FS2-10-              1-                 - 

Pressure switch

1(P), 3(R2), 5(R1) port

Series VFS2000

3-8-48 307269
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Manifold Specifications

Dripproof Manifold (Equivalent to IP65)

Manifold
Wiring
Applicable value model

Porting specifications
Rc

Stations

VV5FS2-01WTBU
D VV5FS2-01W

Common terminal box Attachment plug lead wire

VFS2�00-�F-X54
Common SUP, Common EXH

Side: Rc 1/8, 1/4, Bottom: Rc 1/8 (Option)
Side: Rc 1/4

2 to 10 stations 2 to 15 stations

2(B), 4(A) port
1(P), 3(R2), 5(R1) port

VV5FS2

Plug-in dripproof manifold
(Equivalent to IP65)

101WTBU 08 02

2 stations

15 stations

02

15

Stations

01WTBU
01WTBD

Common terminal box (U side mounting)
Common terminal box (D side mounting)

Attachment plug lead wire01W

Symbol

Symbol

Side
Bottom

Passage

P, R1, R2 A, B

Common

∗ Option

Port size
Symbol
01
02

A, BP, R1, R2
Rc 
Rc 

M Mixed

1 4Rc 1 4

1 8

∗ For bottom ported, A/B port 
is available only with Rc    .

1
2∗

1 8

How to order valves

X5400VFS2 F51

Internal pilot

External pilot

Nil
R∗

Pilot type

1
2
3
4
5
6

2 position single
2 position double

3 position closed center
3 position exhaust center
3 position pressure center
3 position double check

Symbol

1 100 VAC, 50/60 Hz
2 200 VAC, 50/60 Hz
3∗ 110 to 120 VAC, 50/60 Hz
4∗ 220 VAC, 50/60 Hz
5 24 VDC
6∗ 12 VDC
7∗ 240 VAC, 50/60 Hz
9∗ Other

∗ Option

∗ Option

Nil

B∗
A∗

Non-locking push type (Flush)
Non-locking push type (Extended)

Locking type (Tool required)

C∗ Locking type (Lever)

Pilot valve manual override

Dripproof

Coil rated voltage

Nil None

Z
With light/surge

voltage suppressor

Option

∗ Option

How to Order

How to order manifold

•••

•••

Porting
specifications

3-8-49

Series VFS20005 Port Pilot Operated Solenoid Valve
Metal Seal, Plug-in/Non Plug-in

VK

VZ

VF

VFR

VP4

VZS

VFS

VS4

VQ7

EVS

VFN

308270

226

226



Bottom ported: VV5FS2-01WTBD-               2-01

∗ Terminal mounting stations are not included. Indicates 
Solenoid valve mounting stations.

Stations
L

L1

L2

1
120
131

2
145
156

3
170
181

4
195
206

5
220
231

6
245
256

7
270
281

8
295
306

9
320
331

10
345
356

Formula
L1 = 25 x n + 95
L2 = 25 x n + 106

n: Stations

Bottom ported: VV5FS2-01W-               2-01

Stations
L

L1

L2

1
70
81

2
95

106

3
120
131

4
145
156

5
170
181

6
195
206

7
220
231

8
245
256

9
270
281

10 11 12 13 14 15
295
306

320
331

345
356

370
381

395
406

420
431

Formula
L1 = 25n + 45
L2 = 25n + 56

n: Stations

With common terminal box: VV5FS2-01WTB   -              1- 

Dripproof Manifold
U
D

1(P), 3(R2), 5(R1) port

1(P), 3(R2), 5(R1) port
Insert plug 
with lead wire
Lead wire length 
L = 1000

x 25 Printed

Electrical entry

Electrical entry

P = 25

2(B), 4(A) port

2(B), 4(A) port

External pilot port

External pilot port

Pilot EXH port

Pilot EXH port

Push type manual override

Push type manual override

Indicator light

Indicator light

Stations U sideD side

Stations
U sideD side

15
8 

(3
 p

os
iti

on
)

15
0.

5 
(D

ou
bl

e)
10

1 
(S

in
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e)

1
5
8
 (

3
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o
s
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n
)

1
5
0
.5

 (
D

o
u
b
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)

1
0
1
 (

S
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g
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)

Station Port size

With attachment plug lead wire: VV5FS2-01W-              1-Station Port size

Station

Station

2-Rc   1 8

2-Rc   1 8

2-G   3 4

6-Rc   1 4

2n-Rc    , 1 8 1 4

2n-Rc   1 8

2-G   3 4

6-Rc   1 4
2-Rc   1 8

2n-Rc   1 8

2-Rc   1 8

2n-Rc     ,1 8 1 4

Series VFS2000

3-8-50 309271
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Replacement Parts
No. Description Material

Steel plate
Steel plate

NBR
NBR
NBR
NBR
NBR
Resin

—

Resin

Connection fitting A
Connection fitting B
Gasket A
Gasket B
O-ring
O-ring
O-ring
Adapter plate
Adapter
plate assembly

Adapter plate

q

w

e

r

t

y

u

i

Part no.

For 01
For 01T

For 01T1
For 01C
For 01F

For 01SU

AXT625-4-1
AXT625-5

AXT625-17
AXT625-16

18 x 15 x 1.5
10.5 x 7.5 x 1.5

8 x 5 x 1.5
AXT625-6

AXT625-28-1A
(Terminal section with adapter plate)

AXT625-28-1
VVF2000-26-6

AXT625-6

No. Description Material Part no.

o

!3

Junction cover
assembly

Rubber plug

Plug

—

—

NBR

For 01
For 01T
For 01T1
For 01C
For 01F

For 01SU
For 01

01T
01SU

AXT625-7A
AXT625-28-3A

AXT333-12

For 01 W EXP22S
AXT625-22

AXT625-28-7A- Stations

VVF2000-26-5A- Stations

AZ738-10A- Stations

• For increasing the manifold bases, please order the manifold block 
assembly number of the principle number assembly !0.
For plug-in type: The manifold base with terminal stand (integrated with 
a junction cover) is required with the o junction cover assembly.

No. Description Assembly part no. Component parts Applicable manifold base

!0

!1

!2

Manifold block
assembly

End plate (U side)
assembly

End plate (D side)
assembly

AXT625-01A-

AXT625-20A-

AXT625-2A-20

AXT625-2A-10

AXT625-3A-20

AXT625-3A-10

AXT625-10A-

Manifold block !0, Metal joint q, w. O-ring t, y, u Junction 
cover, Adapter plate, Pin housing, Guide, Insert plug lead wire

Manifold block !0, Metal joint q, w, O-ring t, y, u Terminal i,
Junction cover o, Adaptor plate, Pin housing, Guide 

End plate (U) !1, Metal joint q, w, Gasket A e, Guard !3

End plate (U) !1, Metal joint q, w, Gasket A e, Guard !3

End plate (D) !2, Metal joint q, w, Gasket B r, Guard !3, Steel ball 

End plate (D) !2, Metal joint q, w, Gasket B r, Guard !3, Steel ball 

Plug-in type
With attachment plug lead wire 

Plug-in type
With terminal block

Manifold block !0, Metal joint q, w, O-ring t, y, u Non plug-in type

Plug-in type
With attachment plug lead wire 

Plug-in type
With terminal block

Non plug-in type

Plug-in type
With attachment plug lead wire 

Plug-in type
With terminal block

Non plug-in type

AXT625-2A End plate (U) !1, Metal joint q, w, Gasket A e, Guard !3

AXT625-3A End plate (D) !2, Metal joint q, w, Gasket B r, Guard !3, Steel ball 

Note) A, B ports: 1/8, 1/4

1
2

1
2

1
2

Replacement Parts: Sub Assembly Note) Manifold Base/Construction: Plug-in type with terminal block.

Manifold Base Construction Plug-in type, Non plug-in type

For

Note)

Note)

Note)

End plate (U side)

End plate (D side)

3-8-51

Series VFS20005 Port Pilot Operated Solenoid Valve
Metal Seal, Plug-in/Non Plug-in

VK

VZ

VF

VFR

VP4

VZS

VFS

VS4

VQ7

EVS

VFN

310272
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2.67SO L E N O I D VA LV E S

SE R I E S NVFS

FOR FURTHER TECHNICAL
DETAILS ON THIS
PRODUCT, REQUEST
CATALOG REFERENCE
N233

S E E I N S I D E F R O N T C O V E R F O R

DETAILS OF YOUR LOCAL SALES OFFICE

P O S I T I O N

H O W T O

O R D E R

N V F S 2 0 0 0

1 ……2 Po s i t i on  S i ng l e
2 ……2 Po s i t i on  Doub l e
3 ……3 Po s i t i on  C lo sed  Cen te r
4 ……3 Po s i t i on  E xhau s t  Cen te r
5 ……3 Po s i t i on  P re s su re  Cen te r
6 ……3 Po s i t i on  Pe r f e c t

H O W T O

O R D E R

M A N I F O L D

NVFS 2 F

B O D Y T Y P E

0 ……P lug - I n  Type

00

P I L O T O P E R A T O R

- ……In te r na l
R ……Ex te r na l  ( Spec i a l  O rde r )

V O L T A G E

1 ……100VAC ( Spec i a l  O rde r )
2 ……200VAC ( Spec i a l  O rde r )
3 ……110VAC
4 ……220VAc
5 ……24VDC
6 ……12VDC
9 ……Othe r s  ( Spec i a l  O rde r ) E L E C T R I C A L E N T R Y

F ……Through  Ba se

M A N U A L O V E R R I D E

- ……Non  Lock i ng  Pu sh  Type  ( F l u sh )
*A …Non  Lock i ng  Pu sh  Type  ( E x t ended )
B ……Lock  Type  ( S c rew  Type )
*C …Lock  Type  ( L e ve r )

No te )  *  Spec i a l  O rde r

O P T I O N S

- ……None
Z ……W i th  I nd i c a to r  L i gh t  and  

Su rge  Vo l t age  Supp re s so r

P O R T I N G

- ……S ide
*B …Bot tom
Note )  *1 /8  NPTF  On l y

P O R T S I Z E

- ……W i thou t  Subp l a t e
01T …1/8  NPTF
02T …1/4  NPTF
*  Bo t tom Po r t ed

1 /8  NPTF  On l y

311273
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229
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2.68 SO L E N O I D VA LV E S

SE R I E S NVFS

FOR FURTHER TECHNICAL
DETAILS ON THIS
PRODUCT, REQUEST
CATALOG REFERENCE
N233

H O W T O

O R D E R

M A N I F O L D /  O P T I O N P A R T S A S S E M B L Y

312274

230

230



 
 

 
 

 6. DISSOLVED AIR FLOTATION (DAF) SYSTEM  
 
       I. BOTTOM SLUDGE REMOVAL SYSTEM COMPONENTS  
 
c. Cone bottom manual valves (Tag ID: V131, V132, V133) 
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Please see next page for more information. 
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HANDWHEEL (non-rising stem)

Recommended for installation where space is limited.
Consists of:

- Handwheel: Epoxy coated Cast Iron 
- Stem
- Yoke bushing
- Stem nut fixed to the gate

Available from DN 50 to DN 1000

Options:
- Locking Device
- Extension
- Square Nut Drive

DN A B C D E F ØG H

50 40 119 125 105 132 78 225 315

65 40 134 125 115 149 78 225 342

80 50 149 125 124 165 78 225 367

100 50 169 125 140 190 78 225 408

125 50 180 125 150 214 78 225 442

150 60 210 125 175 240 78 225 493

200 60 262 142 205 305 92 310 602

250 70 318 142 250 360 92 310 702

300 70 372 142 300 410 92 310 802

350 96 431 197 338 487 110 410 935

400 100 486 197 392 537 110 410 1039

450 106 540 201 432 589 111 550 1132

500 110 602 201 485 649 111 550 1245

600 110 708 201 590 748 111 550 1449

700 110 834 380 686 900 151 800 1737

750 110 884 380 760 945 151 800 1856

800 110 1015 320 791 997 151 800 1939

900 110 1040 320 895 1128 151 800 2174

1000 110 1150 320 975 1255 151 800 2381

MODEL EX

www.orbinox.com

Reserves the right  to change specifications without notice
ORBINOX S.A. Pol. Ind. s/n-20270 ANOETA (Spain) Tel.: +34 943 698030 - Fax: +34 943 653066 e-mail:orbinox@orbinox.com
ORBINOX CANADA, ORBINOX USA, ORBINOX BRAZIL, ORBINOX COMERCIAL, ORBINOX UK, ORBINOX FRANCE, ORBINOX GERMANY, ORBINOX INDIA, ORBINOX CHINA, ORBINOX S.E.A.

OBX 09/09  8th EDITION  Revision 1
EX-9
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 6. DISSOLVED AIR FLOTATION (DAF) SYSTEM  
 
       I. BOTTOM SLUDGE REMOVAL SYSTEM COMPONENTS  
 
d. Cone bottom auto valve pneumatic actuator (Tag ID: CV131, CV132, CV133) 
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PNEUMATIC CYLINDER 
The standard pneumatic actuator (double acting on-off 
cylinder) consists of:

- Aluminium jacket and covers
- Stainless steel (AISI 304) piston rod
- Nitrile coated steel piston

Available from DN 50 to DN 1000
Supply Pressure: minimum 3.5 kg/cm2 - maximum 10 kg/cm2

Actuator designed with 6kg/cm2 air supply
For valves installed in a horizontal position, we recommend
U-type support plates and/or actuator support.
Options: - Hard anodized jacket and covers

- Over / Undersized cylinder
- Stainless steel jacket and covers
- Manual override
- Fail safe system (Page EX-14)
- Travel stops

Instrumentation (on request):
- Positioners
- Solenoid valves
- Flow regulators
- Air preparation units

DN A B C D E F G H Weight (kg.) Standard Cyl Connect.

50 40 119 100 105 129 178 115 412 9 C100/62 1/4" G

65 40 134 100 115 146 193 115 454 10 C100/77 1/4" G

80 50 149 100 124 162 211 115 497 11 C100/95 1/4" G

100 50 169 100 140 187 231 115 558 14 C100/115 1/4" G

125 50 180 100 150 211 271 140 632 20 C125/143 1/4" G

150 60 210 100 175 237 296 140 708 25 C125/168 1/4" G

200 60 262 119 205 309 358 175 872 44 C160/220 1/4" G

250 70 318 122 250 364 428 220 1042 67 C200/270 3/8" G

300 70 372 122 300 414 478 220 1192 82 C200/320 3/8" G

350 96 431 197 338 500 549 277 1387 135 C250/375 3/8" G

400 100 486 197 392 550 599 277 1541 165 C250/425 3/8" G

450 106 540 270 432 598 680 382 1710 220 C300/475 1/2" G

500 110 602 270 485 658 730 382 1873 280 C300/525 1/2" G

600 110 708 270 590 758 830 382 2178 330 C300/625 1/2" G

700 110 834 380 686 875 985 444 2546 520 C350/730 3/4” G

750 110 884 380 760 930 1035 444 2725 585 C350/780 3/4” G

800 110 1015 320 791 974 1085 444 2850 650 C350/830 3/4” G

900 110 1040 320 895 1105 1202 515 3202 850 C400/930 3/4” G

1000 110 1146 320 975 1217 1296 515 3488 1060 C400/1030 3/4” G

MODEL EX

www.orbinox.com

Reserves the right  to change specifications without notice
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STANDARD D/A
PNEUMATIC CYLINDER

ORBINOX reserves the right to change specifications without notice.
ORBINOX SPAIN, ORBINOX UK, ORBINOX FRANCE, ORBINOX GERMANY, ORBINOX CANADA, ORBINOX USA, ORBINOX BRAZIL, ORBINOX INDIA, ORBINOX CHINA, ORBINOX S.E.A. 

www.orbinox.com

OBX 06/11  1st EDITION  Revision 1
DA Pneumatic Cylinder-1

Orbinox standard double acting pneumatic cylinders are
specifically designed to suit Orbinox knife gate valves.

Main features:
• End caps and barrels up to bore 250mm are made
of aluminium
• Barrels with bore 300mm are made of composite*
• Piston rod in stainless steel
• Air supply can vary from 3,5bar up to maximun 
10 bar

Options:
• Magnetic limit switches available with special mag-
netic kit under the piston
• Single acting (up to 200mm bore)
• Manual override system (two piston rods)

Bore sizes (mm):
DN 100, 160, 200, 250, 300

BORE SIZES 100 - 300

DATA SHEET

Item: Description: Material:
1 Barrel Aluminium/ Composite*
2 Cap Aluminium
3 Head Aluminium
4 Piston Rod AISI - 304
5 ‘O’-Ring Nitrile
6 ‘O’-Ring Nitrile
7 Circlip DIN472 Steel
8 Piston support plate Steel
9 O-ring Nitrile
10 Piston seal Nitrile
11 Piston support plate Carbon Steel
12 Self locking nut AISI - 304
13 Bushing Nylon
14 O-ring Nitrile
15 Scrapper Steel + Nitrile
16 Tie rods Carbon Steel - Zn plated
17 Washer DIN127 Carbon Steel - Zn plated
18 Nut DIN934 Carbon Steel - Zn plated
19 Bolt DIN933 AISI - 304
20 Self locking nut AISI - 304

PART LIST

10

8
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DATA SHEET STANDARD D/A
PNEUMATIC CYLINDER

ORBINOX reserves the right to change specifications without notice.
ORBINOX SPAIN, ORBINOX UK, ORBINOX FRANCE, ORBINOX GERMANY, ORBINOX CANADA, ORBINOX USA, ORBINOX BRAZIL, ORBINOX INDIA, ORBINOX CHINA, ORBINOX S.E.A. 

www.orbinox.com

OBX 06/11  1st EDITION  Revision 1
DA Pneumatic Cylinder-2

∅ Barrel - Valve size A B C ∅D F G H I J Air Connections Weight (kg) Air (litre)
∅ 100 - 50 163 114 62 20 20 55.44 38.82 M8 110 1/4”G 2 4
∅ 100 - 65 178 129 77 20 20 55.44 38.82 M8 110 1/4”G 2,25 5
∅ 100 - 58 196 147 95 20 20 55.44 38.82 M8 110 1/4”G 2,25 6
∅ 100 - 100 216 167 115 20 20 55.44 38.82 M8 110 1/4”G 3 7
∅ 125 - 125 243 203 143 25 29 55.5 39 M8 135 1/4”G 4 13
∅ 125 - 150 268 228 168 25 29 55.5 39 M8 135 1/4”G 5 15
∅ 160 - 200 326 280 220 30 43 100 50 M10 170 1/4”G 9 31
∅ 200 - 250 393 341 270 30 43 100 50 M10 215 3/8”G 15 59
∅ 200 - 300 443 391 320 30 43 100 50 M10 215 3/8”G 16 70
∅ 250 - 350 505 448 375 40 84 99 99 M16 274 3/8”G 36 127
∅ 250 - 350 555 498 425 40 84 99 99 M16 274 3/8”G 37 144
∅ 300 - 450 645 554 475 45 77.5 99 99 M16 382 1/2”G 38 232
∅ 300 - 500 695 604 525 45 77.5 99 99 M16 382 1/2”G 40 257
∅ 300 - 600 795 654 625 45 77.5 99 99 M16 382 1/2”G 42 266

Recommended cylinder bore size for standard Orbinox valves considering 6 bar of air supply:

BORE SIZES 100 - 300

DATA SHEET

ORBINOX VALVES
(DN in mm) EX, EK, EB, ET, EB,XC,DT, AT TL,TK VG

50

Cyl.100 Cyl.100
Cyl.100

65
80 Cyl.125
100
125 Cyl.125 Cyl.125 Cyl.160
150
200 Cyl.160 Cyl.160 Cyl.200
250 Cyl.200 Cyl.200

Cyl.250
300 Cyl.300
350

Cyl.300
Cyl.300

Cyl.350
400
450

Cyl.400500
600

Cyl.350700
Cyl.350

-

750
800
900 Cyl.400

Cyl.400
1000 -
1200 -
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DATA SHEET STANDARD D/A
PNEUMATIC CYLINDERDATA SHEET

ORBINOX reserves the right to change specifications without notice.
ORBINOX SPAIN, ORBINOX UK, ORBINOX FRANCE, ORBINOX GERMANY, ORBINOX CANADA, ORBINOX USA, ORBINOX BRAZIL, ORBINOX INDIA, ORBINOX CHINA, ORBINOX S.E.A. 

www.orbinox.com

OBX 06/11  1st EDITION  Revision 1
DA Pneumatic Cylinder-3

Orbinox standard double acting pneumatic cylinders are
specifically designed to suit Orbinox knife gate valves.

Main features:
• End caps are made of aluminium.
• Barrels are made of composite material. 
• Piston rod in stainless steel.
• Air supply can vary from 3,5bar up to maximun
10 bar.

Options:
• Magnetic limit switches available with special 
magnetic kit under the piston.

• Manual override system (two piston rods).

Bore sizes (mm):
DN 350 and 400

BORE SIZES 350 - 400

Item: Description: Material:
1 Barrel Composite
2 Cap Aluminium
3 Head Aluminium
4 Piston Rod AISI - 304
5 Bolt DIN933 AISI - 304
6 Self locking nut AISI - 304
7 Scrapper Carbon Steel + Nitrile
8 O-ring Nitrile
9 O-ring Nitrile
10 Bushing Nylon
11 Circlip DIN472 Steel
12 O-ring Nitrile
13 Piston support plate Carbon Steel
14 Piston Carbon Steel
15 Piston seal Nitrile
16 Piston slider PTFE
17 Nut Carbon Steel
18 O-ring Nitrile
19 Tie rods Carbon Steel - Zn plated
20 Washer DIN127 Carbon Steel - Zn plated
21 Nut DIN934 Carbon Steel - Zn plated

PART LIST

16

15

14
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DATA SHEET STANDARD D/A
PNEUMATIC CYLINDERDATA SHEET

ORBINOX reserves the right to change specifications without notice.
ORBINOX SPAIN, ORBINOX UK, ORBINOX FRANCE, ORBINOX GERMANY, ORBINOX CANADA, ORBINOX USA, ORBINOX BRAZIL, ORBINOX INDIA, ORBINOX CHINA, ORBINOX S.E.A. 

www.orbinox.com

OBX 06/11  1st EDITION  Revision 1
DA Pneumatic Cylinder-4

∅ Barrel - Valve size A B C ∅ D F ∅ G ∅H J Air Connections Weight (kg) Air (litre)

∅ 350 - 700 940 832 730 45 78.5 396 22 444 3/4”G 55 485

∅ 350 - 800 1040 932 830 45 78.5 396 22 444 3/4”G 58 552

∅ 400 - 900 1152 1044 930 50 78.5 461 27 515 3/4”G 62 807

∅ 400 - 1000 1252 1144 1030 50 78.5 461 27 515 3/4”G 65 895

Recommended cylinder bore size for standard Orbinox valves considering 6 bar of air supply:

ORBINOX VALVES
(DN in mm) EX, EK, EB, ET, EB,XC,DT, AT TL,TK VG

50

Cyl.100 Cyl.100
Cyl.100

65
80 Cyl.125
100
125 Cyl.125 Cyl.125 Cyl.160
150
200 Cyl.160 Cyl.160 Cyl.200
250 Cyl.200 Cyl.200

Cyl.250
300 Cyl.300
350

Cyl.300
Cyl.300

Cyl.350
400
450

Cyl.400500
600

Cyl.350700
Cyl.350

-

750
800
900 Cyl.400

Cyl.400
1000 -
1200 -

BORE SIZES 350 - 400
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DATA SHEET STANDARD D/A
PNEUMATIC CYLINDERDATA SHEET

ORBINOX reserves the right to change specifications without notice.
ORBINOX SPAIN, ORBINOX UK, ORBINOX FRANCE, ORBINOX GERMANY, ORBINOX CANADA, ORBINOX USA, ORBINOX BRAZIL, ORBINOX INDIA, ORBINOX CHINA, ORBINOX S.E.A. 

www.orbinox.com

OBX 06/11  1st EDITION  Revision 1
DA Pneumatic Cylinder-5

MAIN ACCESSORIES

• Magnetic limit switches set (fig.1) available for all bore sizes with special magnetic kit under the piston.
• Single acting up to 200mm bore (fig.2).
• Manual override system with two piston rods (fig.3).

Fig. 1

Fig. 2 Fig. 3
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 6. DISSOLVED AIR FLOTATION (DAF) SYSTEM  
 
       I. BOTTOM SLUDGE REMOVAL SYSTEM COMPONENTS  
 
e. Cone bottom solenoid valve manifold air pressure switch (Tag ID: PS131)  
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U N I T E D  E L E C T R I C 
C O N T R O L S

Pressure, Vacuum, Differential Pressure 
anD temPerature sWitcHes

1 0 0 - B - 0 4

100 Series
1

0
0

 S
e

rie
s

featureS
• single switch Output

• epoxy coated and Gasketed cast   
 aluminum enclosure Designed to          
 meet enclosure type 4X

• tamper-resistant set Point “lock”

• Heat trace and freeze Protection 
 thermostats

• Proof Pressures to 10,000 psi 
 (689,5 bar) 

• adjustable ranges:
 Pressure:
 30 “Hg Vac to 5000 psi 
 (-1 to 344,7 bar)

 “wc ranges:
 300 “wc Vacuum to 250 “wc Pressure 
 (-746,7 to 622,3 mbar)

 Differential Pressure:
 0.2 “wcd to 500 psid
 (0,5 mbar to 34,5 bar)

 temperature:  
 -180 to 650°f  
 (-117.8 to 343.3°c)

241
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100 Series

2  w w w . u e o n l i n e . c o m 	 1 0 0 - B - 0 4

The 100 Series is a cost-effective pressure and temperature switch for 
process plants and OEM equipment. The rugged, one piece enclosure 
features a slanted cover for wiring accessibility.

A wide variety of microswitch and process-connection options make 
this versatile series ideal for applications requiring a rugged weather-

proof mechanical switch.

Typical applications that utilize the 100 Series are heat tracing, freeze 
protection, processing equipment (pumps, compressors), inputs for annunciator 
panels, and fire suppression systems.

overview features

• UL listed and cUL certified.  
 CE compliant to low voltage 
 directive and pressure equipment
  directive. Optional ATEX or GOST 
 intrinsic safety compliance

• Single switch (SPDT or DPDT)   
 output

• Welded stainless steel 
 diaphragm models 

• Ultra low pressure, “wc models

• Optional sensor material for   
 corrosive media

• Polished stainless steel sanitary  
 connection

• Pump switch model with wide 
 adjustable deadband

1
0

0
 S

e
ri

e
s

“Clam shell” design 
allows for ease in wiring 
(pressure model shown)

Bulb and capillary 
temperature model with 
manual reset option

Differential 
pressure model
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SPECIFICATIONS

Storage temperature  -65 to 160°F (-54 to 71°C)

ambient -40 to 160°F (-40 to 71°C); models 520-525, 540-548, 700-706: 
temperature limitS 0 to 160°F (-18 to 71°C); Set point typically shifts less than 1% of range for a 50°F (28°C)
 ambient temperature change

Set point repeatability  Temperature models:  ± 1% of adjustable range 

 Pressure models 15623, 171-174, 218, 270-376, 520-535, 540-543, 700-706, 560-564:  ± 1% of  
 adjustable range; models 190-194, 183-189, 483-494, 544-548, 565-567, 610-680:  ±1.5% of   
 adjustable range  
 Internal set point lock on all pressure models

Shock   Set point repeats after 15 G, 10 millisecond duration

Vibration   Set point repeats after 2.5 G, 5-500 Hz

encloSure   Die cast aluminum, epoxy powder coated, gasketed, captive cover screws

encloSure claSSification  Designed to meet enclosure type 4X requirements

Switch output   One SPDT snap action switch; switch may be wired “normally open” or  “normally closed”

electrical rating   15A 125/250/480 VAC resistive except for H100-15623, 20A 125/250/480 VAC resistive,   
 B100-13546 and E100-13545, 22A/480 VAC. Electrical switches have limited DC capabilities.    
 Consult factory for additional information.

weight  2-7 lbs; Varies with model

electrical connection 1/2” NPT (female); Two 7/8” diameter knockouts 

preSSure connection Models 15623, 218, 270-376, 610-680, 701-706: 1/4” NPT (female);   
 Models 171-194, 483-494, 520-535: 1/2” NPT (female);  
 Models 540-548:  1/8” NPT (female); Models 560-564:  2” Sanitary Fitting;
 Models 565-567:  1.5” Sanitary Fitting (Sanitary fittings mate with Tri-Clamp® fitting systems)

temperature aSSembly Bulb and capillary:  6 feet 304 stainless steel except for E100-13545, 10 feet 304 stainless steel
 Immersion stem:  nickel-plated brass (standard) except for B100-13546 stainless steel; optional   
 316L stainless steel

fill   Models 1BS/BC are solvent filled, models 2-8 non-toxic oil filled

temperature deadband Type f typically 1% and type b, c, and e typically 2% of range under laboratory conditions (70°F  
 ambient circulating bath at rate of 1/2°F  per minute change)

heat tracing or Thermostats designed specifically for heat tracing and freeze protection ambient sensing   
freeze protection  applications are available with types B100 and E100

united StateS and canada
ul Listed, cul Certified
Temperature:  UL 873; CSA C22.2 no. 24, File # E10667 
Pressure:  UL 508; CSA C22.2 no. 14, File # E42272;

europe
pressure equipment directive (ped) (97/23/ec)
Category IV, Module H1  (optional – code m407)
(check options for model availability)
TÜV Süddeutschland Bau und Betrieb GmbH (N.B.# 0036)
Certificate # USA 02/04/38/001 thru USA 02/07/38/033
Products rated lower than 7.5 psi are outside the scope of the PED

Compliant to LVD (73/23/EC & 93/68/EEC)
Products rated lower than 50 VAC and 75 VDC are outside of the scope 
of the LVD

ateX directive (94/9/ec)
II 1 G  EEx ia IIC T6, (optional - code m405)
Tamb.= -50°C to +60°C
UL International DEMKO A/S (N.B.#0539)
Certificate #DEMKO 03 ATEX 0335063
EN 50014, 50020, 50284

ruSSia
Gosgortechnadzor Permit  (optional – code m406)
0ExiaIICT6
Tamb = -50°C to +60°C
NANIO CCVE Certification Center
Certificate # RRS 04-8897
GOST 12.2.007.0, GOST R 51330.0 & 51330.10

approvals  

243

243



100 Series
1

0
0

 S
e

ri
e

s

4  w w w . u e o n l i n e . c o m 	 1 0 0 - B - 0 4

pressure model chart

Tri-Clamp® is a registered trademark of Tri-Clover Inc.
application note: The use of metallic diaphragms where higher pressure shock or heavy cycling is expected should be avoided. Models 171-174 should not be used where system or start-up 
vacuum pressure might exceed 26” Hg Vac (-0.9 bar). 

model  adjustable set Point range Deadband  Over range  Proof    
 Low end of range on fall;   Pressure* Pressure**
 High end of range on rise    

 “wc mbar “wc mbar psi  bar psi  bar
type h100  

Buna N diaphragm and O-Ring with epoxy coated  aluminum 1/2” NPT (female) pressure connection, large 0.72” orifice for clean-out 
purposes (other wetted materials available see page 9)

520 300 Vac to 0 -746,7 to 0  0.2 to 8 0,5 to 19,9 200 13,8 400  27,6 
521 10 Vac to 10 -24,9 to 24,9 0.1 to 0.6 0,2 to 1,5 200 13,8 400  27,6 
522 50 Vac to 50 -124,5 to 124,5 0.1 to 3 0,2 to 7,5 200 13,8 400  27,6 
523  05 to 5.0 1,2 to 12,4 0.1 to 0.3 0,2 to 0,7 200 13,8 400  27,6 
524 2.5 to 50 6,2 to 124,5 0.1 to 0.8 0,2 to 2,0 200 13,8 400  27,6 
525 10 to 250 24,9 to 622,3 0.1 to 6 0,2 to 14,9 200 13,8 400  27,6

Welded 316L stainless steel diaphragm and 1/2” NPT (female) pressure connection, large 0.72” orifice for clean-out purposes

520 300 Vac to 0 -746,7 to 0  0.2 to 15 0,5 to 37,3 50 3,4 100  6,9
521 10 Vac to 10 -24,9 to 24,9 0.1 to 0.6 0,2 to 1,5 50 3,4 100  6,9 
522 50 Vac to 50 -124,5 to 124,5 0.1 to 3 0,2 to 7,5 50 3,4 100  6,9 
523  05 to 5.0 1,2 to 12,4 0.1 to 0.3 0,2 to 0,7 50 3,4 100  6,9 
524 2.5 to 50 6,2 to 124,5 0.1 to 0.8 0,2 to 2,0 50 3,4 100  6,9
525 10 to 250 24,9 to 622,3 0.1 to 10 0,2 to 24,9 50 3,4 100  6,9

 psi bar (unless noted) psi mbar psi bar psi bar

Welded 316L stainless steel diaphragm and 1/2” NPT (female) pressure connection, large 0.72” orifice for clean-out purposes                
(NACE MR-0175 compliant)

171 1 to 20 68,9 mbar to 1,4 bar 0.1 to 1 6,9 to 68,9 500 34,5 1000 68,9
172 2 to 50 0,1 to 3,4 0.1 to 1.5 6,9 to 103,4 500 34,5 1000 68,9
173 4 to 100 0,3 6,9 0.1 to 2.5 6,9 to 172,4 500 34,5 1000 68,9
174 8 to 200 0,6 to 13,8 0.1 to 3.5 6,9 to 241,3 500 34,5 1000 68,9

2” sanitary welded 316L stainless steel diaphragm and pressure connection.  Mates with Tri-Clamp® fitting systems (not UE supplied)

560 0.5 to 15 34,5 mbar to 1.0 0.1 to 1 6,9 to 68,9 200 13,8 300 20,7
561 1 to 25 68,9 mbar to 1,4 bar 0.1 to 1.5 6,9 to 603,4 200 13,8 300 20,7
562 2 to 50 0,1 to 3,4 0.1 to 2.5 6,9 to 172,4 200 13,8 300 20,7
563 4 to 100 0,3 6,9 0.1 to 4 6,9 to 275,8 200 13,8 300 20,7
564 8 to 200 0,6 to 13,8 0.1 to 5 6,9 to 344,7 200 13,8 1300 20,7 
         
1.5” sanitary welded 316L stainless steel diaphragm and pressure connection.  Mates with Tri-Clamp® fitting systems (not UE supplied)

565 5 to 30 0,3 to 2,1 1 to 5 68,9 mbar to 0,3 bar 1000 68,9 1500 103,4
566 10 to 100 0,7 to 6,9 1 to 12 68,9 mbar to 0,8 1000 68,9 1500 103,4 
567 15 to 300 1,0 to 20,7 3 to 22 0,2 to 1,5 1000 68,9 1500 103,4

Buna-N diaphragm and O-ring with nickel-plated brass 1/4” NPT (female) pressure connection; Option M540 Viton® diaphragm and O-ring 
available for models 701-705

701 1.5 to 30 103,4 mbar to 2,1 bar 1 to 2 68,9 mbar to 0,1 bar 500 34,5 600 41,4
702 3 to 100 0,2 to 6,9 1 to 4 68,9 mbar to 0,3 bar 500 34,5 600 41,4
703 9 to 300 0,6 to 20,7 1 to 5 68,0 mbar to 0,3 bar 500 34,5 600 41,4 
704 15 to 500 1,0 to 34,5 2 to 8 0,1 to 0,6 1500 103,4 2500 172,4
705 30 to 1000 2,1 to 68,9 3 to 20 0,2 to 1,4 1500 103,4 2500 172,4
706 100 to 1700 6,9 to 117,2 10 to 30 0,7 to 2,1 1500 103,4 2500 172,4
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model  adjustable set Point range Deadband  Over range  Proof    
 Low end of range on fall;   Pressure*  Pressure**
 High end of range on rise    

 psi bar  psi bar  psi  bar psi  bar
type h100  (unless noted)  (unless noted)  

Hastelloy® is a registered trademark of Haynes International, Inc.  Monel® is a registered trademark of the INCO family of companies.
Viton® and Kalrez® are registered trademarks of Dupont Dow Elastomers.  Aflas® is a registered trademark of Asahi Glass, Inc.

* Over Range Pressure: The maximum pressure that may be applied continuously without causing damage and maintaining set point repeatability. 
** Proof Pressure: The maximum pressure to which a pressure sensor may be occasionally subjected, which causes no permanent damage. The unit may require calibration (e.g., start-up, testing).

deadband note: Models 190-194, 490-494 are expressed as the lower 75% and top 25% of the range span because of the operating characteristics of the diaphragm sensor and switch. Use of optional diaphragm 
materials for models 483-489 may increase deadband. 

 Viton® diaphragm and O-Ring with 303 stainless steel 1/4” NPT (female) pressure connection (includes adjustable deadband switch)

15623 20 to 200 1,4 to 13,8 12 to 26 0,8 to 1,8 500 34,5 1000 68,9

316L stainless steel diaphragm (optional Hastelloy® C or Monel®); Viton® GLT O-Ring (optional Kalrez®, Silicone, Ethylene Propylene, or Aflas®); 316 
stainless steel 1/2” NPT (female) pressure connection (optional Hastelloy® C  or Monel®), large 0.72” orifice for clean-out purposes. Models 188 and 
189 have a 316L stainless steel 1/2” NPT (female) pressure connection (NACE MR-0175 compliant)

183 1 to 20  0,1 to 1,4 0.3 to 2.5  20,7 to 172,4 mbar 500  34,5 1000  68,9
184 2 to 50  0,1 to 3,4 0.3 to 3 20,7 to 206,8 mbar 500  34,5 1000  68,9
185 4 to 100  0,3 to 6,9 0.5 to 6 34,5 to 413,7 mbar 500  34,5 1000  68,9
186 8 to 200  0,6 to 13,8 1 to 11 0,1 to 0,8 500  34,5 1000  68,9
188 50 to 1000  3,4 to 68,9 25 to 125 1,7 to 8,6 2000  137,9 7000  482,6
189 250 to 3500  17,2 to 241,3 50 to 300  3,4 to 20,7 4000  275,8 7000  482,6

   Lower 75% range span Top 25% range span
 psi bar psi bar psi bar psi bar psi  bar

Welded 316 stainless steel diaphragm and 1/2” NPT (female) pressure connection, large 0.72” orifice for clean-out purposes  (NACE MR-0175 compliant)

190 5 to 30  0,3 to 2,1 1 to 3 0,1 to 0,2 6 max 0,4 1500 103,4 2500  172,4
191 10 to 100  0,7 to 6,9 1 to 8  0,1 to 0,6 15 max 1,0 1500 103,4 2500  172,4
192 15 to 300  1,0 to 20,7 3 to 18  0,2 to 1,2   25 max 1,7 1500 103,4 2500  172,4
193 20 to 500  1,4 to 34,5 4 to 30  0,3 to 2,1 45 max 3,1 1500 103,4 2500  172,4
194 80 to 1700  5,5 to 117,2 5 to 120   0,3 to 8,3  150 max 10,3 2000 137,9 2500  172,4

Welded 316 stainless steel diaphragm and 1/2” NPT (female) pressure connection, 0.06” orifice to dampen pulsations

490 5 to 30  0,3 to 2,1 1 to 3 0,1 to 0,2 6 max 0,4 1500 103,4 2500  172,4
491 10 to 100  0,7 to 6,9 1 to 8  0,1 to 0,6 15 max 1,0 1500 103,4 2500  172,4
492 15 to 300  1,0 to 20,7 3 to 18  0,2 to 1,2   25 max 1,7 1500 103,4 2500  172,4
493 20 to 500  1,4 to 34,5 4 to 30  0,3 to 2,1 45 max 3,1 1500 103,4 2500  172,4
494 80 to 1700  5,5 to 117,2 5 to 120   0,3 to 8,3  150 max 10,3 2000 137,9 2500  172,4

 psi bar (unless noted) psi bar psi bar psi bar

316L stainless steel diaphragm (optional Hastelloy® C or Monel®)  Viton® GLT O-Ring (optional Kalrez®, Silicone, ethylene propylene or Aflas®), 316 
stainless steel 1/2” NPT (female) pressure connection (optional Hastelloy® C or Monel®), 0.06” orifice to dampen pulsations. Models 488 and 489 
316L stainless steel pressure connection (NACE MR-0175 compliant)

483 1 to 20 0,1 to 1,4 0.3 to 2.5  20,7 to 172,4 mbar 500  34,5 1000  68,9
484 2 to 50  0,1 to 3,4 0.3 to 3 20,7 to 206,8 mbar 500  34,5 1000  68,9
485 4 to 100  0,3 to 6,9 0.5 to 6 34,5 to 413,7 mbar 500  34,5 1000  68,9
486 8 to 200  0,6 to 13,8 1 to 11 0,1 to 0,8 500  34,5  1000  68,9
488 50 to 1000  3,4 to 68,9 25 to 125 1,7 to 8,6 2000  137,9 7000  482,6
489 250 to 3500  17,2 to 241,3 50 to 300  3,4 to 20,7 4000  275,8 7000  482,6
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pressure model chart

differential pressure model chart

model  adjustable set Point range Deadband  Working  Proof    
 Low end of range on fall;   Pressure***  Pressure**
 High end of range on rise    
 psid  bar psi bar psi bar psi bar
type h100k (unless noted) (unless noted) (unless noted) (unless noted) (unless noted)

Kapton® Diaphragm, Buna N sealing diaphragms with epoxy coated aluminum 1/8” NPT (female) pressure connections

540 0.2 to 7 “wcd 0,5 to 17,4 mbar 0.05 to 0.6 “wc 0,1 to 1,5 mbar 30 “Hg to 200 -1 to 13,8 400 27,6
541 1 to 20 “wcd 2,5 to 49,8 mbar 0.1 to 1.0 “wc 0,2 to 2,5 mbar 30 “Hg to 200 -1 to 13,8 400 27,6
542 5 to 50 “wcd 12,4 to 124,5 mbar 0.2 to 2.5 “wc 0,5 to 6,2 mbar 30 “Hg to 200 -1 to 13,8 400 27,6
543 10 to 200 “wcd 24,9 to 497,8 mbar 0.5 to 8 “wc 1,2 to 19,9 mbar 30 “Hg to 200 -1 to 13,8 400 27,6
544 2 to 20  0,1 to 1,4  0.1 to 1.3  6,9 to 89,6 mbar 30 “Hg to 1200 -1 to 82,7 2500 172,4
545  5 to 50  0,3 to 3,4  0.2 to 2.2  13,8 mbar  to 0,1 bar 30 “Hg to 1200 -1 to 82,7 2500 172,4
546  10 to 125  0,7 to 8,6  0.4 to 5.0  27,6 mbar to 0,3 bar 30 “Hg to 1200 -1 to 82,7 2500 172,4
547 50 to 250  3,4 to 17,2 0.8 to 10  0,1 to 0,7 30 “Hg to 1200 -1 to 82,7 2500 172,4
548 100 to 500  6,9 to 34,5  2.0 to 15  0,1 to 1,0  30 “Hg to 1200 -1 to 82,7 2500 172,4

Kapton® is a registered trademark of E.I. DuPont.

* Over Range Pressure: The maximum pressure that may be applied continuously without causing damage and maintaining set point repeatability. 
** Proof Pressure: The maximum pressure to which a pressure sensor may be occasionally subjected, which causes no permanent damage. The unit may require calibration (e.g. start-up, testing).
***Working Pressure Range: The pressure range within which two opposing sensors can be safely operated and still maintain set point adjustability.

model  adjustable set Point range Deadband  Over range  Proof    
Low end of range on fall;   Pressure* Pressure**
 High end of range on rise    

 psi bar psi bar psi  bar psi  bar
type h100 (unless noted) (unless noted)  (unless noted)

Phosphor bronze bellows with nickel-plated brass 1/4” NPT (female) pressure connection.  Model 218 has 300 series stainless steel spring 
exposed to media

218 30 ”Hg Vac to 0 -1 to 0 1 to 2 ”Hg 33,9 to 67,7 mbar 0 0 30 2,1 
270 4 to 200 0,3 to 13,8 1 to 8 0,1 to 0,6 200 13,8 250 17,2 
274 6 to 300 0,4 to 20,7 1 to 10 0,1 to 0,7 300 20,7 350 24,1

Welded 316L stainless steel bellows and 1/4” NPT (female) pressure connection

358 15 to 200  1,0 to 13,8 1 to 3 0,1 to 0,2 200 13,8 800  55,2
361 20 to 300  1,4 to 20,7 1 to 4 0,1 to 0,3  300 20,7 800  55,2
376 25 to 500  1,7 to 34,5 1.5 to 5 0,1 to 0,3 500 34,5 800  55,2

303 stainless steel piston, Buna N O-Ring with 303 stainless steel 1/4” NPT (female)  pressure connection (Not recommended for gas service 
since drying of O-Ring seal can allow bleeding of medium into the atmosphere) 

610 75 to 1000 5,2 to 68,9 30 to 150 2,1 to 10,3 6000 413,7 10,000 689,5 
612 125 to 3000 8,6 to 206,8 40 to 250 2,8 to 17,2 6000 413,7 10,000 689,5 
616 700 to 5000 48,3 to 344,7 40 to 375 2,8 to 25,9 6000 413,7 10,000 689,5

316 stainless steel bellows and 1/4” NPT (female) pressure connection (Not recommended for rapid or high cycling pressure changes)

680 100 to 1700 6,9 to 117,2 9 to 40 0,6 to 2,8 1700 117,2 2500 172,4
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model adjustable set  max. temp scale Division stem or Bulb size‡/finish‡‡
 Point range    

 °F °C  °F °C   °F °C OD x Length    

type b100 Internal adjustment via reference dial     type c100 No reference dial; model 13546 not available 

120 0 to 225 -17.8 to 107.2 275 135 10† 5† 9/16” x 1-7⁄8” below 1/2 “NPT thread (nickel-plated brass)               
121 200 to 425   93.3 to 218.3  475 246.1 10† 5† 9/16” x 1-7⁄8” below 1/2 “NPT thread (nickel-plated brass) 
13546 15 to 140 -9.4 to 60 160 71.1 5† 2† 9/16” x 2-11⁄16” long stainless steel 
(Freeze Protection) 

type e100 Stainless steel bulb and capillary; internal adjustment via reference dial

2BSA -120 to 100 -84.4 to 37.8  150 65.6 10 5 3/8 x 2-7⁄16”
2BSB 30 to 250 -1.1 to 121.1 300 148.9 10 5 3/8 x 2-7⁄16”
3BS 100 to 400 37.8 to 204.4 450 232.2 10 5 3/8 x 2-1⁄8”
4BS 25 to 100 -3.9 to 37.8 150 65.6 2 1 3/8 x 6-3⁄4”
5BS -20 to 80 -28.9 to 26.7 130 54.4 5 2 3/8 x 5”
8BS 350 to 640 176.7 to 337.8 690 365.6 10 5 3/8 x 3-1⁄4”
13545 25 to 325 -3.9 to 162.8 360 182.2 10  5 1/8 x 11-5⁄8”  
(Heat Tracing)

Copper bulb and capillary

2BCA -120 to 100 -84.4 to 37.8 150 65.6 10 5 3/8 x 2-7⁄16”      
2BCB 30 to 250 -1.1 to 121.1 300 148.9 10 5 3/8 x 2-7⁄16” 
3BC 100 to 400 37.8 to 204.4 450 232.2 10 5 3/8 x 2-1⁄8” 
4BC 25 to 100 -3.9 to 37.8 150 65.6 2 1 3/8 x 6-3⁄4” 
5BC -20 to 80 -28.9 to 26.7 130 54.4 5 2 3/8 x 5” 
8BC 350 to 640 176.7 to 337.8 690 365.6 10 5 3/8 x 3-1⁄4”

type f100  Stainless steel bulb and capillary; no reference dial

1BS -180 to 120 -117.8 to 48.9 170 76.7 N/A  3/8 x 3-3⁄4” 
2BS -125 to 350 -87.2 to 176.7 400 204.4 N/A  3/8 x 2-7⁄16” 
3BS -125 to 500 -87.2 to 260 550 287.8 N/A  3/8 x 2-1⁄8” 
4BS -40 to 120 -40 to 48.9 170 76.7 N/A  3/8 x 6-3⁄4” 
5BS -40 to 180 -40 to 82.2 230 110 N/A  3/8 x 5” 
6BS 0 to 250 -17.8 to 121.1 300 148.9 N/A  3/8 x 4-1⁄2” 
7BS 0 to 400 -17.8 to 204.4 450 232.2 N/A  3/8 x 3” 
8BS 50 to 650 10 to 343.3 700 371.1 N/A  3/8 x 3-1⁄4”

Copper bulb and capillary

1BC -180 to 120 -117.8 to 48.9 170 76.7 N/A  3/8 x 3-3⁄4”
2BC -125 to 350 -87.2 to 176.7 400 204.4 N/A  3/8 x 2-7⁄16”
3BC -125 to 500 -87.2 to 260 550 287.8 N/A  3/8 x 2-1⁄8”
4BC -40 to 120 -40 to 48.9 170 76.7 N/A  3/8 x 6-3⁄4”
5BC -40 to 180 -40 to 82.2 230 110 N/A  3/8 x 5”
6BC 0 to 250 -17.8 to 121.1 300 148.9 N/A  3/8 x 4-1⁄2”
7BC 0 to 400 -17.8 to 204.4 450 232.2 N/A  3/8 x 3”
8BC 50 to 650 10 to 343.3 700 371.1 N/A  3/8 x 3-1⁄4”

†type B100 only
‡Optional immersion stem lengths and capillary lengths are available. Standard capillary length is 6 ft except models 13545 which is 10 ft.
‡‡Optional stainless steel immersion stem, and armored capillary covering available.

temperature model chart
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how to order 

building a part number

type deScription 

preSSure Type H100 - One SPDT output; epoxy coated enclosure; internal adjustment with “High-Low” reference scale

differential preSSure Type H100K- One SPDT output; epoxy coated enclosure; internal adjustment with “High-Low” reference scale

temperature Type B100 - Immersion stem; one SPDT output; internal adjustment with reference dial
 Type C100 - Immersion stem; one SPDT output; internal adjustment with no reference 
 Type E100 - Bulb and capillary; one SPDT output; internal adjustment with reference dial
 Type F100 - Bulb and capillary; one  SPDT output; internal adjustment with no reference 

Switch optionS* 

0140 Gold contacts, 1A 125 VAC resistive 
0500 Close deadband, 5A 125/250 VAC resistive.  NOT AVAILABLE MODELS 520-535 
1010 DPDT switch, 10A 125/250 VAC resistive; deadband and minimum set point will increase. 
 NOT AVAILABLE TEMPERATURE VERSIONS, TyPE H100K OR MODELS 171-194, 483-567 AND MODEL 680
1070 10 A 125 VDC resistive; deadband and minimum set point will increase.  NOT AVAILABLE MODELS 171-194,  
 483-535, 560-567 
1519 Adjustable deadband, 15 A 125/250/480 VAC resistive; adjustment wheel changes rise setting only.  If  
 adjustment on fall setting is required, use primary adjustment.  NOT AVAILABLE TyPES B100, E100 OR   
 MODELS 171-194, 483-494, 560-567, 610-616
1530 External manual reset, 15 A 125/250/480 VAC resistive; latches on rise, only.
1535 High ambient, 15 A 125/250 VAC resistive; temperatures up to 250°F (121.1°C).  NOT AVAILABLE 
 MODELS 520-535 
1537 Vapor sealed switch, 15 A 125/250 VAC resistive.  NOT AVAILABLE MODELS 523, 533
2000 20 A 125/250/480 VAC resistive.  NOT AVAILABLE TyPE H100K OR MODELS 520-535 
3000 30 A 125/250/480 VAC resistive.  NOT AVAILABLE TyPE H100K OR MODELS 171-194, 483-567, 680 

* All switches have limited DC capabilities.  Consult factory for details.

Select a type

Refer to the “Type” section below.

Determine type number based on switch 
output, enclosure, adjustment and 
reference.

Fill in the type portion of your part 
number with the corresponding number.

Select a model

Refer to the “Model Charts”.

Determine model based on adjustable 
range, deadband and proof pressure.

Fill in the model portion of your part 
number with the corresponding number.

Select an option

Refer to the “Options” section. 

Determine option number based on 
switch output, optional materials or 
other product enhancements. 

Fill in the option portion of your part 
number with the corresponding number. 

Leave “option” portion blank if no 
options are needed.

FOR MULTIPLE OPTIONS: Call United 
Electric Controls. 
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other optionS

M020 Red status light, 115 VAC only
M201 Factory set one switch; specify increasing or decreasing pressure or temperature and setpoint 
M277 Range indicated on nameplate in kPa or MPa, factory selected.  NOT AVAILABLE ON TEMPERATURE VERSIONS
M278 Range indicated on nameplate in Kg/cm2.  NOT AVAILABLE ON TEMPERATURE VERSIONS
M405 Intrinsic safety compliance for European Union per ATEX standards
M406 Intrinsic Safety compliance for Russia per Gosgortechnadzor standards. 
M407 CE compliance to Pressure Equipment Directive (category IV).  AVAILABLE ON MODELS 171-174, 183-189, 190- 
 194, AND 701-706 ONLy.   Optional sensor material for corrosive media are excluded
M444 Paper ID tag 
M446 Stainless steel ID tag & wire attachment
M449 Mounting bracket kit.  Required for models 520-535 when surface mounting.  Use kit part number 6361-704  
 for other models
M504 316L stainless steel immersion stem.  AVAILABLE TEMPERATURE MODELS 120, 121 ONLy 
M540 Viton® construction (deadband and low end range may increase slightly); wetted parts include Viton®   
 diaphragm and O-ring plus stainless steel pressure connection.  AVAILABLE ON MODELS 610-616 (O-ring only),  
 701-705, AND 540-548 (sealing diaphragms only, main diaphragm remains Kapton®, pressure connections  
 remain aluminum)
M550 Oxygen service cleaning; internal construction may change.  NOT AVAILABLE ON PRESSURE MODEL 706
M914 1/2” NPT (female) stainless steel pressure connection.  AVAILABLE MODELS 358-376
M921 Brass pressure connection.  AVAILABLE MODELS 610-616
6361-704 Surface and Pipe Mounting Hardware (required for model 520-535, 540-548 when surface mounting)
SD6286-51 Watertight conduit fitting; connects 7/8” hole to 1/2” NPT (female) fitting

optional SenSor material for “wc rangeS.  AVAILABLE MODELS 520-525

XC001  Aluminum pressure connection, Viton® diaphragm, Viton® O-ring
XC002 Aluminum pressure connection, Kapton® diaphragm, Buna N O-ring 
XC003  Aluminum pressure connection, Kapton® diaphragm, Viton® O-ring
XC004 316L Stainless steel  pressure connection, 316L stainless steel diaphragm, Viton® O-ring. 
 (Over range pressure is limited to 100 psi) 
XC005 316L Stainless steel pressure connection, Viton® diaphragm, Viton® O-ring
XC006 316L Stainless steel pressure connection, Kapton® diaphragm, Viton® O-ring
XC007 316L Stainless steel pressure connection, Teflon® diaphragm, Viton® O-ring

optional SenSor materialS for corroSiVe media. AVAILABLE MODELS 183-189, 483-489

XD002 Hastelloy C diaphragm
XD003 Monel diaphragm
XP112 Hastelloy C pressure connection
XP113 Monel pressure connection
XR211 Kalrez® O-ring
XR212 Silicone O-ring.  NOT AVAILABLE MODELS 188-189, 488-489 
XR213 Ethylene propylene O-ring
XR214 Aflas® O-ring

optional fluSh mount flangeS. AVAILABLE MODELS 560-567
Other flanges (150# and 300#) available, please consult UE.  Flanges conform to ANSI B16.5.  Maximum pressure is limited by flange rating.

F196 Flush mounted flange, 150#, 1” lap joint, raised face   AVAILABLE MODELS 565-567 ONLy
F197 Flush mounted flange, 150#, 2” lap joint, raised face   AVAILABLE MODELS 560-564 ONLy
F198 Flush mounted flange, 300#, 1” lap joint, raised face   AVAILABLE MODELS 565-567 ONLy 
F199 Flush mounted flange, 300#, 2” lap joint, raised face   AVAILABLE MODELS 560-564 ONLy

note: No options are available on Heat Trace and Freeze Protection models 13546 and 13545 or pump switch model 15623 except M201, M444 and M446.
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options for temperature models

union connectorS**    
Option  replacement number Description 
 Brass
W027  SD6213-27 1⁄2” NPT w/ 3⁄4” bushing
W045  SD6213-45 3⁄4” NPT
W051  SD6213-51 1⁄2” NPT
 304 Stainless Steel 
W028   SD6213-28 1⁄2” NPT w/ 3⁄4” bushing
W046  SD6213-46 3⁄4” NPT 
W050  SD6213-50 1⁄2” NPT
 
thermowellS**    
For all bulb & capillary switches, except Model 13545   
 Brass    
W075  SD6225-75 1⁄2” NPT with 3⁄4” NPT adapter bushing, 4” BT 
W191  SD6225-191 1⁄2” NPT, 4” BT
W118  SD6225-118 1⁄2” NPT with 3⁄4” NPT adapter bushing, 7” BT
W192  SD6225-192 1⁄2” NPT, 7” BT
 316 Stainless Steel
W076  SD6225-76 3⁄4” NPT, 4.5” BT    
W193  SD6225-193 1⁄2” NPT, 4.5” BT   
W119  SD6225-119 3⁄4” NPT, 7.5” BT  
W177  SD6225-177 1⁄2” NPT, 7.5” BT  
  
For all immersion stem switches; except Model 13546  
W139  SD6225-139  3⁄4” NPT X 1-23/32” BT, BRASS    
W140  SD6225-140  3⁄4” NPT X 1-23/32” BT, 316 ST/ST

w000 immerSion Stem and thermowellS    
note: Option W000 is a special Immersion Stem construction that has no external thread.  This option fits inside a special 
thermowell and is secured with a set-screw.
     
Option  Description 

W000  Immersion stem only, brass     
W097  Immersion stem and thermowell.  Includes W000 stem and 1⁄2” NPT x 1-23/32” BT Brass thermowell  
W099  Immersion stem and thermowell.  Includes W000 stem and 1⁄2” NPT x 1-23/32” BT 316 ST/ST thermowell.  
 
optional lengthS:
Optional immersion stem lengths to 15” available in Brass, with or without 316 ST/ST thermowell.  Consult UE for additional 
information.  Optional capillary length to *50’ available in Copper or 304 ST/ST.  Armor or Teflon® capillary protection available 
to lengths less than or equal to capillary length.  Consult UE for additional information.  

*Consult UE regarding repeatability and ambient effects on capillary lengths over 30’.
** Dimensional drawings for union connectors and thermowells may be found at www.ueonline.com
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dimensional drawings
Dimensional drawings for all models may be found at www.ueonline.com

All dimensions stated in inches (millimeters)

types  B100, c100, e100, f100, H100, H100K

pressure Sensors 

models 171-174 models 183-186, 483-486 models 188-194, 488-494

models 520-525 models 540-543 models 544-548models 530-535

Dimension A
models inches mm npt

pressure

171-174 7.63 193.8 1/2”

183-186, 484-486 7.56 192.0 1/2”

188-189, 488-489 6.63 168.4 1/2”

190-194, 490-494 6.63 168.4 1/2”

218 6.56 166.6 1/4”

270-274 7.00 177.8 1/4”

358-376 7.00 177.8 1/4”

520-525 8.44 214.4 1/2”

530-535 8.00 203.2 1/2”

560-564 6.63 168.4 2” Sanitary Fitting

565-567 6.63 168.4 1-1/2” Sanitary Fitting

610-616, 680 7.00 177.8 1/4”

701-706, 15623 6.63 168.4 1/4”

differential pressure

540-543 8.47 215.1 1/8”

544-548 8.53 216.7 1/8”

temperature

120, 121, 13546 9.38 238.3 Immersion stem

1BC-8BC 1BS-
8BS,13545

8.69 220.7 Bulb & capillary

1/2 NPT

models 218-376, 610-706, 15623

temperature Sensors 

models 1Bc-8Bc, 1Bs-8Bs, 13545 models 120,121 model 13546

models 560-564 models 565-567
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recommended practiceS and warningS 
United Electric Controls Company recommends careful consideration 
of the following factors when specifying and installing UE pressure 
and temperature units. Before installing a unit, the Installation 
and Maintenance instructions provided with unit must be read and 
understood. 

• To avoid damaging unit, proof pressure and maximum temperature 
limits stated in literature and on nameplates must never be 
exceeded, even by surges in the system. Operation of the unit up to 
maximum pressure or temperature is acceptable on a limited basis 
(e.g., start-up, testing) but continuous operation must be restricted 
to the designated adjustable range. Excessive cycling at maximum 
pressure or temperature limits could reduce sensor life.

• A back-up unit is necessary for applications where damage to 
a primary unit could endanger life, limb or property. A high or 
low limit switch is necessary for applications where a dangerous 
runaway condition could result.

• The adjustable range must be selected so that incorrect, 
inadvertent or malicious setting at any range point cannot result 
in an unsafe system condition.  

• Install unit where shock, vibration and ambient temperature 
fluctuations will not damage unit or affect operation. When 
applicable, orient unit so that moisture does not enter the 
enclosure via the electrical connection. When appropriate, this 
entry point should be sealed to prevent moisture entry.

• Unit must not be altered or modified after shipment. Consult UE 
if modification is necessary.  

• Monitor operation to observe warning signs of possible damage 
to unit, such as drift in set point or faulty display.  Check unit 
immediately.

• Preventative maintenance and periodic testing is necessary for 
critical applications where damage could endanger property or 
personnel.

• Electrical ratings stated in literature and on nameplate must not 
be exceeded. Overload on a switch can cause damage, even on 
the first cycle.  Wire unit according to local and national electrical 
codes, using wire size recommended in installation sheet.

• Do not mount unit in ambient temp. exceeding published limits.

limited warranty
Seller warrants that the product hereby purchased is, upon delivery, 
free from defects in material and workmanship and that any such 
product which is found to be defective in such workmanship or 
material will be repaired or replaced by Seller (Ex-works, Factory, 
Watertown, Massachusetts. INCOTERMS); provided, however, that this 
warranty applies only to equipment found to be so defective within 
a period of 24 months from the date of manufacture by the Seller. 
Seller shall not be obligated under this warranty for alleged defects 
which examination discloses are due to tampering, misuse, neglect, 
improper storage, and in any case where products are disassembled 
by anyone other than authorized Seller’s representatives. EXCEPT FOR 
THE LIMITED WARRANTy OF REPAIR AND REPLACEMENT STATED 
ABOVE, SELLER DISCLAIMS ALL WARRANTIES WHATSOEVER WITH 
RESPECT TO THE PRODUCT, INCLUDING ALL IMPLIED WARRANTIES 
OF MERCHANTABILITy OR FITNESS FOR ANy PARTICULAR PURPOSE. 

limitation of Seller’S liability
SELLER’S LIABILITy TO BUyER FOR ANy LOSS OR CLAIM, INCLUDING 
LIABILITy INCURRED IN CONNECTION WITH (I) BREACH OF ANy 
WARRANTy WHATSOEVER, EXPRESSED OR IMPLIED, (II) A BREACH OF 
CONTRACT, (III) A NEGLIGENT ACT OR ACTS (OR NEGLIGENT FAILURE 
TO ACT) COMMITTED By SELLER, OR (IV) AN ACT FOR WHICH 
STRICT LIABILITy WILL BE INPUTTED TO SELLER, IS LIMITED TO THE 
“LIMITED WARRANTy” OF REPAIR AND/OR REPLACEMENT AS SO 
STATED IN OUR WARRANTy OF PRODUCT.  IN NO EVENT SHALL THE 
SELLER BE LIABLE FOR ANy SPECIAL, INDIRECT, CONSEqUENTIAL 
OR OTHER DAMAGES OF A LIKE GENERAL NATURE, INCLUDING, 
WITHOUT LIMITATION, LOSS OF PROFITS OR PRODUCTION, OR LOSS 
OR EXPENSES OF ANy NATURE INCURRED By THE BUyER OR ANy 
THIRD PARTy.

UE specifications subject to change without notice.

FGS3500406

U N I T E D  E L E C T R I C  
C O N T R O L S

180 Dexter Avenue, P.O. Box 9143 
Watertown, MA  02471-9143   USA
Telephone: 617 926-1000    Fax: 617 926-2568
http://www.ueonline.com

international officeS

CHINA
 United Electric Controls
 Room 1114, No. 511 
 Shenshi Building
 Weihai Road
 Shanghai 200041, P.R. China
 Phone: +8621-6255 8059
 email: chinasales@ueonline.com

EASTERN EUROPE & SCANDINAVIA
 United Electric Controls
 05-806 Komorow
 Kujawska 5, Poland
 Phone: +48 22 499 4804
 email: easterneuropesales@ueonline.com

GERMANy
 United Electric Controls
 An Der Zentlinde 21
 D-64711 Erbach, Germany
 Phone: 496-062-7400
 email: europeansales@ueonline.com

MALAySIA 
 United Electric Controls, Far East 
 No. 1-2-2, 2nd Floor  
 Jalan 4/101C 
 Cheras Business Centre 
 Batu 5, Jalan Cheras 
 56100 Kuala Lumpur, Malaysia 
 Phone: 603-9133-4122 
 email: fareastsales@ueonline.com

MEXICO
 United Electric Controls
 Andador Austria 102
 Fracc. Petroquimica CP 89365
 Tampico, Tamaulipas Mexico
 Phone: 833-132-3726 
 email: latinamericasales@ueonline.com

RUSSIA
 United Electric Controls, Moscow  
 Kuusinena str., 19A, Office 310
 Moscow, 125252, Russia   
 Phone: +7 (095) 792-88-06  
 email: russiansales@ueonline.com

u.S. SaleS officeS

 United Electric Controls
 31 Old Stage Road
 Hampton Falls, NH  03844
 Phone: 617-899-1132
 email: northeastsales@ueonline.com

 United Electric Controls
 28 N. Wise Ave.
 Freeport, IL  61032
 Phone:  815-341-2588
 email: midwestsales@ueonline.com

 United Electric Controls
 1022 Vineyard Drive
 Conyers, GA 30013
 Phone: 770-335-9802
 email: southeastsales@ueonline.com

 United Electric Controls
 5829 Grazing Court
 Mason, OH 45040
 Phone: 513-535-5486
 email: midatlanticsales@ueonline.com

 United Electric Controls 
 102 Salazar Court
 Clayton, CA 94517
 Phone: 925-408-5997
 email: westcoastsales@ueonline.com

 United Electric Controls 
 27 Summit Terrace
 Sparta, NJ 07871
 Phone: 973-271-2550
 email: easternsales@ueonline.com

 United Electric Controls 
 4306 Whickham Drive
 Fulshear, TX 77441
 Phone: 832-457-6138
 email: southwestsales@ueonline.com

 United Electric Controls 
 5201 Arbor Court
 Odessa, TX 79762
 Phone: 432-770-4164
 email: westtexassales@ueonline.com

canada

 EASTERN
 68 Mosley Crescent
 Brampton, Ontario
 Canada L6y 5C8
 Phone: 905-455-5131
 FAX: 905-455-5131

 WESTERN
 148 Silver Ridge Close N.W.
 Calgary, Alberta  
 Canada T3B 3T4
 Phone:  403-247-3724
 FAX:  403-247-3724
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 6. DISSOLVED AIR FLOTATION (DAF) SYSTEM  
 
       I. BOTTOM SLUDGE REMOVAL SYSTEM COMPONENTS  
 
f. Pneumatic air pressure regulator 
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Modular Type
Filter Regulator

Series AW
Model

AW10

AW20

AW30

AW40

AW40-06

AW20K

AW30K

AW40K

AW40K-06

AWM20

AWM30

AWM40

AWD20

AWD30

AWD40

Filtration

5μm

0.3μm
(95% filtered particle size)

0.01μm
(95% filtered particle size)

Pages 56 through 60

Pages 63 through 66

Pages 67 through 70

Pages 71 through 74

Port size

M5 x 0.8

1/8, 1/4

1/4, 3/8

1/4, 3/8, 1/2

3/4

1/8, 1/4

1/4, 3/8

1/4, 3/8, 1/2

3/4

1/8, 1/4

1/4, 3/8

1/4, 3/8, 1/2

1/8, 1/4

1/4, 3/8

1/4, 3/8, 1/2

Accessory

Bracket

Square embedded 
type pressure 
gauge (except for 
AR10) 

Round pressure 
gauge

Panel mount

Filter regulator
Series AW

Filter regulator with
back flow mechanism
Series AW�K

Mist separator
regulator
Series AWM

Micro-mist separator
regulator
Series AWD
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Filter Regulator

AW10 to 40

56

Direct operated, relieving type

AW20

Accessory/Optional specification combinations

How to Order

03 BE30 1NAW F
Optional specifications

Accessories Note 3)

Thread type

Nil

N Note 1)

F Note 2)

Description
0.02 to 0.2MPa setting
Metal bowl
Nylon bowl
Metal bowl with level gauge
With bowl guard
Drain guide 1/4
Non-relieving
Flow direction: Right to left
Drain cock with barb fitting: ø6 x ø4 nylon tubing
Name plate, caution plate for bowl, and pressure gauge in imperial units (PSI, °F)

Applicable model
AW10 to 40
AW10 to 40
AW10 to 40
AW30, 40

AW20
AW30, 40

AW10 to 40
AW10 to 40
AW30, 40

AW10 to 40

Metric thread (M5)

Rc
NPT

G

Symbol
1
2
6
8
C
J
N
R
W
Z

A
cc

es
so

ri
es

O
p

tio
n

al
 s

p
ec

ifi
ca

tio
n

s

Combination
Accessory/Optional specifications

With bracket (with set nut)
Float type auto drain (N.C.)
Float type auto drain (N.O.)
Square embedded type pressure gauge
Round pressure gauge
With set nut (for panel mount)
0.02 to 0.2MPa setting
Metal bowl
Nylon bowl
Metal bowl with level gauge
With bowl guard
Drain guide 1/4
Non-relieving type
Flow direction: Right to left
Drain cock with barb fitting: ø6 x ø4 nylon tubing
Name plate, caution plate for bowl, and pressure 
gauge in imperial units (PSI, °F)

B C D E G H 1 2 6 8 C J N R W Z AW10
Optional specification

AW20
Accessory

B
C
D
E
G
H
–1
–2
–6
–8
–C
–J
–N
–R
–W
–Z

AW30 to 40

Symbol
Nil
B
C
D
E

G

H

Description
—

With bracket
Float type auto drain (N.C.)
Float type auto drain (N.O.)
With square embedded type pressure gauge (with limit indicator)
With round pressure gauge (without limit indicator)
With round pressure gauge (with limit indicator)
With set nut (for panel mount)

Applicable model
—

AW10 to 40
AW10 to 40
AW30, 40

AW20 to 40
AW10

AW20 to 40
AW10 to 40

∗ When more than one specification is required, indicate in alphanumeric order.
Note 5) The only difference from the standard specifications is the adjusting spring for the regulator. It does 

not restrict the setting of 0.2MPa or more.
Note 6) Without a valve function.
Note 7) For M5 and NPT thread types.

This product is for overseas use only according to the new Measurement Law. (The SI unit type is 
provided for use in Japan.)

Note 3) Optional parts are not assembled and are supplied loose at the time of shipment (except for options 
C, D and E).

Note 4) Applicable tube O.D for auto drain connection should be ø3/8" in case NPT thread port is chosen.

Integrated filter and regulator units save 
space and require less piping.

Note 1) Drain guide is NPT1/4 
(applicable to AW30 and 40), 
and the exhaust port for auto 
drain comes with ø3/8" One-
touch fitting (applicable to 
AW30 and AW40).

Note 2) Drain guide is G1/4 (applicable 
to AW30 and AW40).

: Combination available
: Varies depending on the model  

: Combination not available
: Available only with NPT thread 

Applicable filter regulator

Sy
m

bo
l

 Note 6)

Note 7)

Note 5)

AW40

Port size

Body size

Filter
regulator

10 20 30 40

10
�
—
—
—
—
—

20
—
�
�
—
—
—

30
—
—
�
�
—
—

40
—
—
�
�
�
�

Body size
Symbol

M5
01
02
03
04
06

Port
size

M5
1/8
1/4
3/8
1/2
3/4

 Note 4)

 Note 4)

Made to
Order Page 61

350

255

255

Hoon
Rectangle

Hoon
Rectangle

Hoon
Rectangle

Hoon
Rectangle

Hoon
Rectangle

Hoon
Rectangle

Hoon
Rectangle



57

Specific Product Precautions

Warning
1. Residual pressure release (outlet 

pressure release) is not completed by 
releasing inlet pressure. To release 
residual pressure, use a filter regulator 
with a back flow mechanism.

Selection Mounting & Adjustment

Maintenance

Warning
1. Replace the element every 2 years or 

when the pressure drop becomes 
0.1MPa, whichever comes first, to 
prevent damage to the element.

Warning
1. Set the regulator while checking the 

displayed values of the inlet and outlet 
pressure gauges. Turning the knob 
excessively can cause damage to the 
internal parts.

2. The pressure gauge indicated with 
regulators for 0.02 to 0.2MPa setting is 
for 0.2MPa use only. Exceeding 0.2MPa 
of pressure can damage the gauge.

3. Do not use tools on the pressure 
regulator knob as this may cause 
damage. It must be operated manually.

    Caution
1. Be sure to unlock the knob before 

adjusting the pressure and lock it after 
setting the pressure. 
Failure to follow this procedure can 
cause damage to the knob and the 
outlet pressure may fluctuate.

• Pull the pressure regulator knob to 
unlock. (You can visually verify this with 
the "orange mark" that appears in the 
gap.)

• Push the pressure regulator knob to 
lock. When the knob is not easily 
locked, turn it left and right a little and 
then push it (when the knob is locked, 
the "orange mark" will disappear).

AW10 to 40

Model
Port sizes
Fluid
Proof pressure
Maximum operating pressure
Set pressure range
Pressure gauge port size Note 1)

Relief pressure
Ambient and fluid temperature
Nominal filtration rating
Drain capacity (cm3)
Bowl material
Bowl guard
Construction
Weight (kg)

AW40-06
3/4

Rc, NPT, G 1/4

45

0.75

Accessory

Bracket assembly Note 1)

Set nut

Pressure
gauge

Float type
auto drain

Applicable model

AW10
M5 x 0.8

0.05 to 0.7MPa

Rc 1/16  Note 2)

2.5

—

0.09

AW40
1/4, 3/8, 1/2

Rc, NPT, G 1/4

45

Standard

0.72

Standard specifications

1.0MPa

0.2MPa

AW30
1/4, 3/8

Air
1.5MPa
1.0MPa

0.05 to 0.85MPa
Rc, NPT, G 1/8

Set pressure + 0.05MPa Note 3) [at relief flow rate of 0.1L/min (ANR)]
–5 to 60°C (with no freezing)

5μm
25

Polycarbonate

Relieving type
0.40

AW20
1/8, 1/4

Rc, NPT, G 1/8

8

Option

0.32

AW40-06AW40AW30AW20AW10

AR10P-270AS
AR10P-260S
G27-10-R1

—
G27-10-R1 Note 3)

—
—

AD17

Note 1) Pressure gauge connection threads are not required for regulators with a square embedded type pressure gauge (AW20 to AW40).

Note 2) Use a bushing (part no: 131368) when connecting R 1/8 pressure gauge to R 1/16 gauge port.

Note 3) Not applicable to AW10.

Round

Square embedded type

Round

Square embedded type

N.O.

N.C.

AW20P-270AS
AR20P-260S
G36-10-�01
GC3-10AS
G36-2-�01
GC3-2AS

—
AD27

AR30P-270AS
AR30P-260S
G36-10-�01
GC3-10AS
G36-2-�01
GC3-2AS

AD38 AD38NNote 6)

AD37 AD37NNote 6)

AR40P-270AS
AR40P-260S
G46-10-�02
GC3-10AS
G46-2-�02
GC3-2AS

AD48 AD48NNote 6)

AD47 AD47NNote 6)

AR40P-270AS
AR40P-260S
G46-10-�02
GC3-10AS
G46-2-�02
GC3-2AS

AD48 AD48NNote 6)

AD47 AD47NNote 6)

Accessory part no.

Note 1) Assembly includes a bracket and set nuts.
Note 2) � in part numbers for a round pressure gauge indicates a type of connection thread. No indication is necessary for R; however, indicate N for NPT.

Contact P/A regarding the connection thread NPT and supply of the pressure gauge for PSI unit specifications.
Note 3) For 1MPa.
Note 4) Includes one O-ring and 2 mounting screws.
Note 5) Minimum operating pressure: N.O. type–0.1MPa; N.C. type–0.1MPa (AD17/27) and 0.15MPa (AD37/47). Contact P/A regarding the specifications for PSI unit and °F.
Note 6) When “N” is specified in the end of part number of auto drain, applicable tube O.D should be ø3/8".

Orange mark

Note 5)

Note 2) Note 4)

Note 4)

Be sure to read before handling. Refer to pages 75 through 78 for safety instructions and F.R.L. unit precautions.

2. A knob cover is available to prevent 
careless operation of the knob. Refer to 
Features 1 for details.
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Filter Regulator  AW10 to 40

58

Flow Characteristics (Representative values) Condition: Inlet pressure 0.7MPa

Pressure Characteristics (Representative value) Conditions: Inlet pressure 0.7MPa; Outlet pressure 0.2MPa; Flow rate 20L/min (ANR)
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Construction

AW10 AW30, 40AW20

No.

1
2

No.

3

4
5
6
7

Body
Bonnet

Description

Description

Valve assembly

Filter element
Diaphragm assembly
Bowl O-ring
Bowl assembly Note 2)

Material

Material

Stainless steel
Brass, HNBR

Non-woven fabric
Weatherability NBR

NBR
PC

Part no.

Note

Platinum silver
Black

Zinc die-cast Aluminum die-cast
Polyacetal

AW10, 20 AW30 AW40, 40-06

Parts list

Replacement parts

AW10

AR10P-090S

AF10P-060S
AR10P-150AS Note 1)

C1SFP-260S
C1SF

AW20

AW20P-090AS

AF20P-060S
AR20P-150AS
C2SFP-260S

C2SF

AW30

AW30P-090AS

AF30P-060S
AR30P-150AS
C3SFP-260S
C3SF Note 3)

AW40

AW40P-090AS

AF40P-060S
AR40P-150AS
C4SFP-260S
C4SF Note 3)

AW40-06

AW40P-090AS

AF40P-060S
AR40P-150AS
C4SFP-260S
C4SF Note 3)

Note 1) AW10 is a piston and a gasket (KSYP-13) type assembly.

Note 2) Including O-Ring. Contact P/A regarding the bowl assembly supply for PSI and °F unit specifications.

Note 3) The AW30 and AW40 bowl assembly comes with a bowl guard (steel band material).

AW10 to 40

59
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Filter Regulator  AW10 to 40

Dimensions

Model

AW10
AW20
AW30
AW40
AW40-06

Port size

M5 x 0.8
1/8, 1/4
1/4, 3/8

1/4, 3/8, 1/2
3/4

S
6.5

15.4
8

10.5
10.5

W
18.5
28.5
38.5
42.5
42.5

B
125
177
242
278
278

Accessory specification

Panel mount With
auto drain

B
—

—

234
272
275

U
2
2.3
2.3
2.3
2.3

T
40
55
53
70
70

Q
4.5
5.4
6.5
8.5
8.5

N
28
34
40
54
54

K
0
5
3.5
1.5
1.2

J
—

27
30.5
38.5
38.5

H
26
63
66
76
76

G
25
40
55
80
80

E
28
40
57
73
73

D
25
52
59
75
75

C
48
73
86
92
93

B
108
160
201
239
242

A
25
40
53
70
75

Model

AW10
AW20
AW30
AW40
AW40-06

With barb fitting

B
—

—

209
247
250

With drain guide

B
—

—

208
246
249

Metal bowl

B
107
160
214
251
255

Metal bowl with level gauge

Standard specification

M
25
30
41
50
50

P
30
44
46
54
56

Y
—
14
19
21
21

Z
—
6
7
7
7

V
18
30
31
35.5
37

With pressure gauge Bracket mounting size

Optional specification

AW30, 40

V

D

V

D

J

J

G
G

B
C

W

N

N

Q

S

T

A

E

P

U
K

H M

W

A

B
C

Q

S

T

E

U

P

K

H M

Plate thickness
AW30: Max. 3.5
AW40: 5

Plate thickness
AW10, AW20: Max. 3.5

Square embedded type
pressure gauge (option)

Square embedded type
pressure gauge (option)

Pressure gauge
port size

Bracket
(option)

Port size

Pressure gauge
(option)

Min. clearance
for maintenance

OUT

Panel fitting dimension

IN OUT

Panel fitting dimension

Pressure gauge
port size

Bracket
(option)

Min. clearance
for maintenance

Port size

Pressure gauge
(option)

O S

IN OUT

OUT

IN OUT

IN OUT

AW10, 20

Y

Z

Y

Z

Drain

Drain

B

B

B BB B

O S

O

S

B N.O.: Black
N.C.: Gray

M5 x 0.8         Barb fitting
   Applicable tubing: 
   T0604

ø10 
One-touch 
fitting

Width across
flats 17

1/4

Metal bowl with
level gaugeMetal bowl

AW10, AW20 AW30, AW40, AW40-06
Drain cock with

barb fittingWith drain guideWith auto drain
(N.C.)

With auto drain
(N.O./N.C.) Metal bowl

Applicable model

Optional
specifications

60354
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Filter Regulator
AW20 to 40
Made to Order Specifications
Contact P/A for detailed dimensions, specifications, and lead times.

61

Specifications
Part no.

Environment
Ambient temperature
Fluid temperature

Material

–X430
Low temperature

–30 to 60°C
–5 to 60°C (with no freezing)

Special NBR
Aluminum die-cast

–X440
High temperature

–5 to 80C°

FPM

Applicable models

How to Order

Model

Port size

AW30

1/4, 3/8

AW40

1/4, 3/8, 1/2

AW40-06

3/4

Special materials are used in the manufacturing of seals and resin 
parts to allow them to withstand various temperature conditions in 
cold or tropical (hot) regions.

q Special Temperature Environment

Applicable models

How to Order

Specifications

Strong materials are used in the manufacturing of air filters 
intended for high pressure operation. 

w High Pressure

Made to
Order

Rubber parts
Main parts

Part no.
Proof pressure
Maximum operating pressure
Set pressure range
Ambient and fluid temperature

–X425
3.0MPa
2.0MPa

0.1 to 1.6MPa
–5 to 60°C (with no freezing)

Model

Port size
AW20 AW30 AW40 AW40-06

1/8, 1/4 1/4, 3/8 1/4, 3/8, 1/2 3/4

Note 9)   Consult P/A for detailed dimensions and available attachments and options.
Note 10) Comes with T type handle.

03 BG30AW F 2 N

Optional specifications

Option Note 3)

Port size

Body size

Thread type

Filter
regulator

Filter
regulator

X425

For high 
pressure

                                  Description
Drain guide 1/4
Non-relieving type
Flow direction: Right to left
Name plate, caution plate for bowl, and pressure 
gauge in imperial units (PSI, °F)

Applicable model
AW30, 40

AW20 to 40
AW20 to 40

AW20 to 40

20 30 40

Applicable model
—

AW20 to 40
AW20 to 40
AW20 to 40

Note 3) Bracket is not assembled and is supplied loose at the time of 
shipment.

Note 4) Mounting thread for pressure gauge: 1/8 for AW20 to30; 1/4 for AW40
Pressure gauge type: G46

Bowl
Description
Metal bowl

Metal bowl with level gauge

Applicable model
AW20 to 40
AW30, 40

Note 5) Only metal bowl or metal bowl with level gauge 
available.

Body size
30 40

03 BG30AW F 2 N

Optional specifications

Option Note 3)

Port size

Thread type

X430

Nil
N Note 1)

F Note 2)

                                     Description
0.02 to 0.2MPa setting
Drain guide 1/4
Non-relieving type
Flow direction: Right to left
Name plate, caution plate for bowl, and pressure 
gauge in imperial units (PSI, °F)

Applicable model
AW30, 40
AW30, 40
AW30, 40
AW30, 40

AW30, 40

Rc
NPT

G

Nil
N Note 1)

F Note 2)

Rc
NPT

G

Symbol
Nil
B
G Note 4)

H

Symbol
Nil
B
G Note 4)

H

Symbol
1 Note 6)

J Note 7)

N
R

Z Note 8)

Applicable model
—

AW30, 40
AW30, 40
AW30, 40

∗ When more than one specification is required, indicate in ascending alphanumeric order.

Note 3) Bracket is not assembled and is supplied loose at the time of 
shipment.

Note 4) Mounting thread for pressure gauge: 1/8 for AW30; 1/4 for AW40
Pressure gauge type: G43

Bowl
Symbol
Nil Note 5)

Description
Metal bowl

Applicable model
AW30, 40

Note 5) Only Metal Bowl available

Description
—

With bracket
With round pressure gauge (with limit indicator)
With set nut (for panel mount)

Description
—

With bracket
With round pressure gauge (with limit indicator)
With set nut (for panel mount)

30
�
�
—

—

40
�
�
�
�

Body size
20
�
�
—

—

—

30
—

�
�
—

—

40
—

�
�
�
�

Body size
Symbol

02
03
04
06

Port
size

1/4
3/8
1/2
3/4

Symbol

01
02
03
04
06

Port
size

1/8
1/4
3/8
1/2
3/4

Symbol
2 Note 5)

8 Note 5)

Symbol
J Note 6)

N
R

Z Note 7)

For high/low
temperature
X430
X440

Low temperature
High temperature

Note 1) Drain guide is 
NPT1/4 (applicable 
to AW30 to 40)

Note 2) Drain guide is G1/4 
(applicable to AW30 
to 40). 

Note 1) Drain guide is 
NPT1/4 (applicable 
to AW30 to 40)

Note 2) Drain guide is G1/4 
(applicable to AW30 
to 40). 

Note 6) The only difference from the standard  specifications is the adjusting spring 
for the regulator. It does not restrict the setting of 0.2MPa or more.

Note 7) Without a valve function.
Note 8) For thread type NPT.

This product is for overseas use only according to the new Measurement 
Law. (The SI unit type is provided for use in Japan.)

∗ When more than one specification is required, indicate in ascending alphanumeric 
order.

Note 6) Without a valve function.
Note 7) For thread type NPT.

This product is for overseas use only according to the new Measurement 
Law. (The SI unit type is provided for use in Japan.)
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Filter Regulator
AW20(K) to AW40(K)
Made to Order Specifications
Contact P/A for detailed dimensions, specifications, and lead times.

Made to
Order

Applicable models
Model

Port size
AW20(K) AW30(K) AW40(K) AW40(K)-06

Digital pressure switch (ISE30-��-��-�L) is supplied loose for mounting on pressure gauge connection port.

e With Digital Pressure Switch

1/8, 1/4 1/4, 3/8 1/4, 3/8, 1/2 3/4

Note 8) Consult P/A for detailed dimensions and available attachments and options.
Note 9) Refer to P/A catalog CAT.ES100-42 for detailed specifications and instructions of digital pressure switch.

How to Order

0330 1NAW FK  B A

Optional specifications

Option Note 3)

Port size

Body size

Thread type

Filter
regulator

With digital pressure switch
(Series ISE30)

X465

Nil
N Note 1)

F Note 2)
                                    Description

0.02 to 0.2MPa setting
Metal bowl
Nylon bowl
Metal bowl with level gauge
With bowl guard
Drain guide 1/4
Non-relieving type
Flow direction: Right to left
Drain cock with barb fitting: ø6 x ø4 nylon tubing
Name plate and caution plate for bowl in imperial units 
(PSI, °F)

Applicable model

AW20(K) to 40(K)
AW20(K) to 40(K)
AW20(K) to 40(K)
AW30(K), 40(K)

AW20(K)
AW30(K), 40(K)

AW20(K) to 40(K)
AW20(K) to 40(K)
AW30(K), 40(K)

AW20(K) to 40(K)

Rc
NPT

G

With back flow mechanism
Nil
K

––

With back flow machanism

                             Description

          —
With bracket
Float type auto drain (N.C.)
Float type auto drain (N.O.)
With set nut (for panel mount)

Applicable model

—
AW20(K) to 40(K)
AW20(K) to 40(K)
AW30(K), 40(K)

AW20(K) to 40(K)
Note 3) Optional parts are not assembled and are supplied loose at the time of 

shipment (except for options C and D)
Note 4) Applicable tube O.D for auto drain connection should be ø3/8" in case 

NPT thread port is chosen.

Switch specifications

20 30 40

20
�
�
—
—
—

30
�
�
�
—
—

40
—
�
�
�
�

Body size
Symbol

01
02
03
04
06

Symbol

1 Note 4)

2
6
8
C
J Note 5)

N
R
W

Z Note 6)

Symbol
Nil
B
C
D
H

Port
size

1/8
1/4
3/8
1/2
3/4

Symbol
A
B
C
D

Output specifications
NPN output
PNP output

1 to 5V output
4 to 20mA output

Note 1) Drain guide is NPT1/4 (applicable 
to AW30 to 40), and the exhaust 
port for auto drain comes with 
ø3/8" One-touch fitting (applicable 
to AW30 to 40).

Note 2) Drain guide is G1/4 (applicable to 
AW30 to 40). 

∗ When more than one specification is required, indicate in ascending alphanumeric order.
Note 4) The only difference from the standard specifications is the adjusting spring for 

the regulator. It does not restrict the setting of 0.2MPa or more.
Note 5) Without a valve function.
Note 6) For thread type NPT.

This product is for overseas use only according to the new Measurement Law. 
(The SI unit type is provided for use in Japan.)

Specifications
Part number suffix

Model
Set pressure range (MPa)
Set and display resolution (MPa)

Power supply voltage

Power consumption

–X465
ISE30-��-��-�L

–0.1 to 1
0.001

12 to 24 VDC ± 10%, Ripple (p-p) 10%
or less (with power supply polarity protection)
45 mA or less (70 mA or less for current output)

Pressure 
switch

*Pressure gauge port size: 1/8

Note 7) Optional parts are not assembled and are 
supplied loose at the time of shipment.

Note 7)

Note 4)

Note 4)
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Note 1) Set the inlet pressure 0.05MPa or higher than the set pressure.
Note 2) Pressure gauge connection threads are not required for regulators with a square embedded type pressure gauge (AW20K to AW40K).

Accessories Note 3)

Optional specifications

1N

How to Order

Standard specifications

AW

Model
Port sizes
Fluid
Proof pressure
Maximum operating pressure
Set pressure range Note 1)

Pressure gauge port size Note 2)

Relief pressure
Ambient and fluid temperature
Nominal filtration rating
Drain capacity (cm3)
Bowl material
Bowl guard
Construction
Weight (kg)

AW20K
1/8, 1/4

Rc, NPT, G 1/8

8

Option

0.32

AW40K
1/4, 3/8, 1/2

Rc, NPT, G 1/4

45

Standard

0.72

AW40K-06
3/4

Rc, NPT, G 1/4

45

0.75

Air
1.5MPa
1.0MPa

0.05 to 0.85MPa

Set pressure + 0.05MPa  [at relief flow rate of 0.1L/min (ANR)]
–5 to 60°C (with no freezing)

5μm

Polycarbonate

Relieving type

30 03 BEK F

Description
0.02 to 0.2MPa setting
Metal bowl
Nylon bowl
Metal bowl with level gauge
With bowl guard
Drain guide 1/4
Non-relieving type
Flow direction: Right to left
Drain cock with barb fitting: ø6 x ø4 nylon tubing
Name plate, caution plate for bowl, and pressure gauge in imperial units (PSI, °F)

Symbol
Nil
B
C
D
E
G
H

Description
—
With bracket
Float type auto drain (N.C.) Note 2)

Float type auto drain (N.O.) Note 2)

With square embedded type pressure gauge (with limit indicator)
With round pressure gauge (with limit indicator)
With set nut (for panel mount)

Applicable model
—

AW20K to 40K
AW20K to 40K
AW30K, 40K

AW20K to 40K
AW20K to 40K
AW20K to 40K

Symbol
1
2
6
8
C
J 
N
R
W
Z

Applicable model
AW20K to 40K
AW20K to 40K
AW20K to 40K
AW30K, 40K

AW20K
AW30K, 40K

AW20K to 40K
AW20K to 40K
AW30K, 40K

AW20K to 40K

Circuit diagram

AW40K

AW20K

When the air supply is cut off and 
releasing the inlet pressure to the 
atmosphere, the residual pressure release 
of the outlet side can be ensured for a 
safety purpose.

Applicable model

Accessory

Bracket assembly
Set nut

Pressure
gauge

Round
Square 
embedded type

Round
Square
embedded type

N.O.

N.C.

AW20K

AW20P-270AS
AR20P-260S
G36-10-�01
GC3-10AS
G36-2-�01
GC3-2AS

—
AD27

AW30K

AR30P-270AS
AR30P-260S
G36-10-�01
GC3-10AS
G36-2-�01
GC3-2AS

AD38 AD38NNote 5)

AD37 AD37NNote 5)

AW40K

AR40P-270AS
AR40P-260S
G46-10-�02
GC3-10AS
G46-2-�02
GC3-2AS

AD48 AD48NNote 5)

AD47 AD47NNote 5)

AW40K-06

AR40P-270AS
AR40P-260S
G46-10-�02
GC3-10AS
G46-2-�02
GC3-2AS

AD48 AD48NNote 5)

AD47 AD47NNote 5)

Accessory part no.

Filter regulator

Symbol

Symbol

With back flow
mechanism

AW30K
1/4, 3/8

Rc, NPT, G 1/8

25

0.40

Note 1) Optional parts are not assembled and are supplied loose at the time of shipment 
(except for options C, D and E).

Note 2) Applicable tube O.D for auto drain connection should be ø3/8" in case NPT 
thread port is chosen.

∗ When more than one specification is required, indicate in alphanumeric order.
Note 4) The only difference from the standard specifications is the adjusting 

spring for the regulator. It does not restrict the setting of 0.2MPa or more.
Note 5) Without a valve function.
Note 6) For NPT thread type.

This product is for overseas use only according to the new Measurement 
Law. (The SI unit type is provided for use in Japan.)

1.0MPa

0.2MPa

Float type
auto drain

Note 1) Assembly includes a bracket and set nuts.
Note 2) � in part numbers for a round pressure gauge indicates a type of connection thread. No indication is necessary for R; however, 

indicate N for NPT. Contact P/A regarding the connection thread NPT and pressure gauge supply for PSI unit specifications.
Note 3) Includes one O-ring and 2 mounting screws.
Note 4) Minimum operating pressure: N.O. type–0.1MPa; N.C. type–0.1MPa (AD27) and 0.15MPa (AD37/47). Contact P/A regarding 

the specifications for PSI unit and °F.
Note 5) When “N” is specified in the end of part number of auto drain, applicable tube O.D should be ø3/8".

Note 1)

Note 2)
Note 3)

Note 3)

Note 4)

Note) AW10 comes with a back flow 
mechanism as a standard feature.
If the set pressure is not exceeding 
0.15MPa, back flow may not occur. 
When a back flow mechanism is 
required with a set pressure of less 
than 0.15MPa, contact P/A.

Note 4)

Note 5)

 Note 6)

Body size

With back flow 
mechanism

Filter regulator

Thread type
Nil

N Note 1)

F Note 2)

Rc
NPT

G

Port size

Note 1) Drain guide is NPT 1/4 (applicable 
to AW30K and 40K), and the 
exhaust port for auto drain comes 
with ø3/8" One-touch fitting 
(applicable to AW30K and AW40K).

Note 2) Drain guide is G 1/4 (applicable to 
AW30K and AW40K).

20 30 40

20
�
�
—
—
—

30
—
�
�
—
—

40
—
�
�
�
�

Body size
Symbol

01
02
03
04
06

Port
size

1/8
1/4
3/8
1/2
3/4
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Flow Characteristics (Representative values)
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Pressure Characteristics (Representative values)

0.25

0.2

0.15

0
10.90.80.70.60.50.40.30.2

AW20K

Inlet pressure  MPa
0

AW40K

Be sure to read before handling.
Refer to pages 75 through 78 for 
safety instructions and F.R.L. unit 
precautions.

Specific Product Precautions

Mounting & Adjustment

Maintenance

Warning
1. Set the regulator while checking the 

displayed values of the inlet and outlet 
pressure gauges. Turning the knob 
excessively can cause damage to the 
internal parts.

2. The pressure gauge included with 
regulators for 0.02 to 0.2MPa setting is for 
up to 0.2MPa use. Exceeding 0.2MPa of 
pressure can damage the gauge.

3. Do not use tools on the pressure regulator 
knob as this may cause damage. It must be 
operated manually.

Caution
1. Be sure to unlock the knob before adjusting 

the pressure and lock it after setting the 
pressure. 
Failure to follow this procedure can cause 
damage to the knob and the outlet pressure 
may fluctuate.

• Pull the pressure regulator knob to unlock. 
(You can visually verify this with the "orange 
mark" that appears in the gap.)

• Push the pressure regulator knob to lock. 
When the knob is not easily locked, turn it 
left and right a little and then push it (when 
the knob is locked, the "orange mark", i.e., 
the gap will disappear).

2. A knob cover is available to prevent 
careless operation of the knob. Refer to 
Features 1 for details.

Warning
1. Replace the element every 2 years or when 

the pressure drop becomes 0.1MPa, 
whichever comes first to prevent damage 
to the element.

Orange mark
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Condition:
Inlet  pressure 0.7MPa

Inlet pressure 0.7MPa 
Outlet pressure 0.2MPa
Flow rate 20L/min (ANR)

Conditions:

Set point Set point

Set pointSet point

AW20K AW30K
0.6

0.5

0.4

0.3

0.2

0.1

0
600 800400200

Rc 1/4

Flow rate  L/min (ANR)

O
ut

le
t p

re
ss

ur
e 

 M
P

a

0

0.6

0.5

0.4

0.3

0.2

0.1

0
2000

AW40K Rc 1/2

Flow rate  L/min (ANR)

O
ut

le
t p

re
ss

ur
e 

 M
P

a

0

0.6

0.5

0.4

0.3

0.2

0.1

0
3000 40001000 2000
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O
ut

le
t p

re
ss

ur
e 

 M
P

a

01000 3000

Rc 3/8

O
ut

le
t p

re
ss

ur
e 

 M
P

a

0.6

0.5

0.4

0.3

0.2

0.1

0
1000

Flow rate  L/min (ANR)
0 500 1500
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Operating Principle

AW20K to 40K

When the inlet pressure (P1) is higher than the set pressure, the check valve w closes and operates as a normal regulator (Figure 1).

When the inlet pressure (P1) is shut off and released, the check valve w, opens and the pressure in the diaphragm chamber q is 
released into the inlet side (Figure 2).

This lowers the pressure in the diaphragm chamber q, and the force generated by pressure regulator spring e lifts the diaphragm. 
Valve r opens through the stem, and the outlet pressure is released to the inlet side (Figure 3).

No.

1
2

Parts list

Body

Bonnet

Zinc die-cast Aluminum die-cast Platinum silver

BlackPolyacetal

Material

AW20K AW30K AW40K AW40K-06
Description

Note 1) Including O-Ring. Contact P/A regarding the bowl assembly supply for PSI and °F unit specifications.
Note 2) Bowl assembly for AW30K to AW60K includes a bowl guard (steel band material).
Note 3) Check valve construction includes the check valve itself, check valve cover, and 2 screws.

No.

3

4

5
6
7
8

Filter element

Diaphragm assembly

Bowl O-ring

Bowl assembly Note 1)

Check valve assembly Note 3)

Non-woven 
fabric

Weatherability NBR

NBR

PC

POM, PBT

Valve assembly
Stainless steel
Brass, HNBR

Parts no.

AW20K

AW20P-090AS

AF20P-060S

AR20P-150AS

C2SFP-260S

C2SF

AR20KP-020AS

AW30K

AW30P-090AS

AF30P-060S

AR30P-150AS

C3SFP-260S

C3SF Note 2)

AR20KP-020AS

AW40K

AW40P-090AS

AF40P-060S

AR40P-150AS

C4SFP-260S

C4SF Note 2)

AR20KP-020AS

AW40K-06

AW40P-090AS

AF40P-060S

AR40P-150AS

C4SFP-260S

C4SF Note 2)

AR20KP-020AS

Description Material

Note

Construction

Figure 2

IN
(Inlet pressure)

A

A

w

t

q

y

e

r

r

q

e

u

Back flow

Pressure in
diaphragm

chamber

Inlet pressure
(IN)

Figure 1
Normal

Pressure in
diaphragm

chamber

Inlet pressure
(IN)

A

A

OUT
(Outlet pressure)

OUT
(Outlet pressure)

IN
(Inlet pressure)

OUT
(Outlet pressure)

IN
(Inlet pressure)

ot

K

COLHSU

P

SMC

ot

K

COLHSU

P

SMC

A-A i

A-A w

Figure 3
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Dimensions

AW20K/30K/40K

Model

AW20K
AW30K
AW40K
AW40K-06

1/8, 1/4
1/4, 3/8

1/4, 3/8, 1/2
3/4

Port size
Standard specification

Accessory specification

With pressure gauge Bracket mounting size Panel mount With auto drain

W

Y

Z

Plate thickness
AW20K, 30K: Max. 3.5
AW40K: Max. 5

Panel fitting dimension

A
40
53
70
75

B
160
201
239
242

C
73
86
92
93

D
52
59
75
75

E
40
57
73
73

H
63
66
76
76

J
27
30.5
38.5
38.5

K
5
3.5
1.5
1.2

M
30
41
50
50

N
34
40
54
54

P
44
46
54
56

Q
5.4
6.5
8.5
8.5

S
15.4
8

10.5
10.5

T
55
53
70
70

U
2.3
2.3
2.3
2.3

V
30
31
35.5
37

W
28.5
38.5
42.5
42.5

Y
14
19
21
21

Z
6
7
7
7

B
177
242
278
278

G
40
55
80
80

Model

AW20K
AW30K
AW40K
AW40K-06

1/8, 1/4
1/4, 3/8

1/4, 3/8, 1/2
3/4

Port size

Optional specification

With barb fitting With drain guide Metal bowl Metal bowl with level gauge

B
—

209
247
250

B
—

208
246
249

B
—

234
272
275

B
160
214
251
255

D

V

T

N

S

Q

B
C

U

H M

J

K

P

G

Min. clearance
for maintenance

Pressure gauge
port size

Drain

Bracket
(option)

Port size

Square embedded type
pressure gauge (option)

Pressure gauge
(option)

IN OUT

A

IN OUT

OUT

E

B

B

B BB B

O S

O

S

B N.O.: Black
N.C.: Gray

M5 x 0.8         Barb fitting
   Applicable tubing: 
   T0604

ø10 
One-touch 
fitting

Width across
flats 17

1/4

Metal bowl with
level gaugeMetal bowl

AW20K AW30K, AW40K, AC40K-06
Drain cock with

barb fittingWith drain guideWith auto drain
(N.C.)

With auto drain
(N.O./N.C.) Metal bowl

Applicable model

Optional
specifications
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Mist Separator Regulator

AWM20/30/40

How to Order

Accessory/Optional specification combinations

A
cc

es
so

ri
es

O
p

tio
n

al
 s

p
ec

ifi
ca

tio
n

s

Accessory/Optional specifications
With bracket (with set nut)

Float type auto drain (N.C.)

Float type auto drain (N.O.)

Square embedded type pressure gauge

Round pressure gauge

With set nut (for panel mount)

0.05 to 0.2MPa setting

Metal bowl

Nylon bowl

Metal bowl with level gauge

With bowl guard

Drain guide 1/4

Non-relieving type

Flow direction: Right to left

Drain cock with barb fitting: ø6 x ø4 nylon tubing
Name plate, caution plate for bowl, and pressure 
gauge in imperial units (PSI, °F)

AWM20
B C D E G H 21 6 8 C J R ZWN

AWM30 to 40

Applicable mist separator regulator
Optional specificationAccessory

B
C
D
E
G
H
–1
–2
–6
–8
–C
–J
–N
–R
–W
–Z

Combination

S
ym

bo
l

03 BEF30 1NAWM
Optional specifications

Thread type
Nil

N Note 1)

F Note 2)

Rc
NPT

G

Description

0.05 to 0.2MPa setting
Metal bowl
Nylon bowl
Metal bowl with level gauge
With bowl guard
Drain guide 1/4
Non-relieving
Flow direction: Right to left
Drain cock with barb fitting: ø6 x ø4 nylon tubing

Name plate, caution plate for bowl, and pressure gauge in imperial units (PSI, °F)

Symbol

1 Note 4)

2
6
8
C
J Note 5)

N
R
W
Z Note 6)

Applicable model
AWM20 to 40
AWM20 to 40
AWM20 to 40
AWM30, 40

AWM20
AWM30, 40

AWM20 to 40
AWM20 to 40
AWM30, 40

AWM20 to 40

Accessories Note 3)

Symbol
Nil
B
C
D
E
G
H

Applicable model
—

AWM20 to 40
AWM20 to 40
AWM30, 40

AWM20 to 40
AWM20 to 40
AWM20 to 40

Description
—

With bracket
Float type auto drain (N.C.) Note 2)

Float type auto drain (N.O.) Note 2)

With square embedded type pressure gauge (with limit indicator)
With round pressure gauge (with limit indicator)
With set nut (for panel mount)

Filtration: 0.3μm

AWM20

AWM40

Series AWM is a compo-
nent made up of a regula-
tor and a mist separator 
that are integrated to pro-
vide optimum results in 
applications such as 
clean-air blow operations.

∗ When more than one specification is required, indicate in alphanumeric order.
Note 4) The only difference from the standard specifications is the adjusting spring for the regulator. 

It does not restrict the setting of 0.2MPa or more.
Note 5) Without a valve function. 

Note 1) Drain guide is NPT1/4 (applicable to 
AWM30 and 40), and the exhaust port 
for auto drain comes with ø3/8" One-
touch fitting (applicable to AWM30 and 
AWM40).

Note 2) Drain guide is G1/4 (applicable to 
AWM30 and AWM40).

: Combination available
: Varies depending on the model  

: Combination not available
: Available only with NPT thread

Port size

Mist separator
regulator

Body size

20 30 40

20
�
�
—
—

30
—
�
�
—

40
—
�
�
�

Body size
Symbol

01
02
03
04

Port
size

1/8

1/4

3/8

1/2
Note 1) Optional parts are not assembled and are supplied loose at the time of shipment (except for options C, D and E).
Note 2) Applicable tube O.D for auto drain connection should be ø3/8" in case NPT thread port is chosen.

Note 6) For NPT thread type.
This product is for overseas 
use only according to the 
new Measurement Law. 
(The SI unit type is provided 
for use in Japan.)
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Specific Product Precautions

Air Supply

Mounting & Adjustment

Orange mark

Selection

Maintenance

Warning
1. Replace the element every 2 years or 

when the pressure drop becomes 
0.1MPa, whichever comes first, to 
prevent damage to the element.

Warning
1. Residual pressure release (outlet 

pressure release) is not complete by 
releasing inlet pressure. Contact P/A 
regarding residual pressure release. 

Caution
1. Install an air filter (Series AF) as a pre-

liminary filter on the inlet side of the mist 
separator regulator to prevent prema-
ture clogging.

Warning
1. Set the regulator while checking the 

displayed values of the inlet and outlet 
pressure gauges. Turning the knob 
excessively can cause damage to the 
internal parts.

2. The pressure gauge included with mist 
separator regulators for 0.05 to 0.2MPa 
setting is for up to 0.2MPa only. Exceed-
ing 0.2MPa of pressure can damage the 
gauge.

3. Do not use tools on the pressure regula-
tor knob as this may cause damage. It 
must be operated manually.

Caution
1. Be sure to unlock the knob before 

adjusting the pressure and lock it after 
setting the pressure.
Failure to follow this procedure can 
cause damage to the knob and the 
outlet pressure may fluctuate.

• Pull the pressure regulator knob to 
unlock. (You can visually verify this with 
the "orange mark" that appears in the 
gap.)

• Push the pressure regulator knob to lock. 
When the knob is not easily locked, turn 
it left and right a little and then push it 
(when the knob is locked, the "orange 
mark" i.e., the gap, will disappear).

Standard specifications
Model

Port sizes
Fluid
Proof pressure
Maximum operating pressure
Set pressure range
Pressure gauge port size Note 1)

Ambient and fluid temperature
Nominal filtration rating
Outlet side oil mist concentration
Rated flow  L/min (ANR) Note 4)

Bowl material
Bowl guard
Drain capacity (cm3)
Construction
Weight (kg)

AWM20
1/8, 1/4

Rc, NPT, G 1/8

150

Option
8

0.44

AWM30
1/4, 3/8

Air
1.5MPa
1.0MPa

0.05 to 0.85MPa
Rc, NPT, G 1/8

–5 to 60°C (with no freezing)
0.3μm (95% filtered particle size)

Max.1.0mg/m3 (ANR) (approx. 0.8ppm) Note 2) Note 3)

330
Polycarbonate

25
Relieving type

0.59

AWM40
1/4, 3/8, 1/2

Rc, NPT, G 1/4

820

45

1.25

Accessory part no.

AWM20

AW20P-270AS
AR20P-260S
G36-10-�01
GC3-10AS
G36-2-�01
GC3-2AS

—
AD27

AWM30

AR30P-270AS
AR30P-260S
G36-10-�01
GC3-10AS
G36-2-�01
GC3-2AS

AD38 AD38NNote)

AD37 AD37NNote)

AWM40

AR40P-270AS
AR40P-260S
G46-10-�02
GC3-10AS
G46-2-�02
GC3-2AS

AD48 AD48NNote)

AD47 AD47NNote)

1.0MPa

0.2MPa

Applicable model
Accessory
Bracket assembly Note 1)

Set nut

Pressure
gauge

Float type
auto drain

Round

Square embedded type

Round
Square embedded type

N.O.
N.C.

Note 1) Pressure gauge connection threads are 
not required for the regulator with a 
square embedded type pressure gauge 
(AWM20 to 40).

Note 2) When the compressor oil mist discharge 
concentration is 30mg/Nm3 (ANR).

Note 3) Bowl O-ring and  other O-rings are slightly 
lubricated.

Note 4) When the outlet pressure is 0.5MPa. (The 
rated flow varies depending on the set 
pressure.)

Keep the air flow within the rated flow to 
prevent and outflow of a lubricant to the 
outlet side.

Note 1) Assembly includes a bracket and set nuts.

Note 2) � in part numbers for a round pressure 
gauge indicates a type of connection 
thread. No indication is necessary for R; 
however, indicate N for NPT. Contact P/A 
regarding the NPT connection thread and 
pressure gauge supply for PSI unit 
specifications.

Note 3) Includes one O-ring and 2 mounting 
screws.

Note 4) Minimum operating pressure: N.O. type– 
0.1MPa; N.C. type–0.1MPa (AD27) and 
0.15MPa (AD37/47). Set the pressure to 
allow a pressure drop when the fluid 
flows. Contact P/A regarding the 
specifications for PSI unit and °F.

Note 2)

Note 4)

Note 3)

Note 3)

Be sure to read before handling. Refer to pages 75 through 78 for safety instructions and F.R.L. unit precautions.

2. A knob cover is available to prevent 
careless operation of the knob. Refer to 
Features 1 for details.

Standard

Note) When “N” is specified in the end of part number of auto drain, applicable tube O.D should be ø3/8".

Note) When “N” is specified in the end of part number of auto drain, applicable tube O.D should be ø3/8".
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Parts list

Replacement parts

Construction

Pressure Characteristics

AWM20 AWM30, 40

No.

1
2

Description

Body

Bonnet

Note

Platinum silver

Black

Material

AWM30
Aluminum die-cast

AWM20
Zinc die-cast

Polyacetal

AWM40

AWM20
AWM20P-090AS

AFM20P-060AS

AR20P-150AS

C2SFP-260S

C2SF

AWM40
AWM40P-090AS

AF40P-060AS

AR40P-150AS

C4SFP-260S

C4SF Note 2)

Description

Valve assembly

Element assembly

Diaphragm assembly

Bowl O-ring

Bowl assembly Note 1)

Material

Brass, HNBR

—

Weatherability NBR

NBR

PC

Part no.

AWM30
AWM30P-090AS

AFM30P-060AS

AR30P-150AS

C3SFP-260S

C3SF Note 2)

No.

3
4
5
6
7

Note 1) Including O-Ring. Contact P/A regarding the bowl assembly supply for PSI and °F unit specifications.
Note 2) Bowl assembly for AWM30 and AWM40 comes with a bowl guard (steel band material).

Flow Characteristics (Representative values) Condition: Inlet pressure 0.7MPa

AWM20/30/40

AWM20 Rc 1/4 AWM30 Rc 3/8 AWM40 Rc 1/2

AWM20 AWM30 AWM40

Conditions: Inlet pressure 0.7MPa; Outlet pressure 0.2MPa; Flow rate: 20L/min (ANR)
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Dimensions

AWM30, 40

AWM20

Model

AWM20
AWM30
AWM40

Port size

1/8, 1/4
1/4, 3/8

1/4, 3/8, 1/2

S
15.4
8

10.5 

W
28.5
38.5
42.5

B
190
242
278

Accessory specification

Panel mount With 
auto drain

B
—

234
272

U
2.3
2.3
2.3

T
55
53
70

Q
5.4
6.5
8.5

N
34
40
54

K
5
3.5
1.5 

J
27
30.5
38.5

H
63
66
76

G
45 
50 
70 

E
40
57
73

D
52
59
75

C
73
86
92

B
173
201
239

A
40
53
70

Model

AWM20
AWM30
AWM40

With barb fitting

B
—

209
247

With drain guide

B
—

208
246

Metal bowl

B
173
214
252

Metal bowl with level gauge

Y
14
19
21

Z
6
7
7

Standard specification

M
30
41
50

P
44
46
54

V
30
31
35.5

With pressure gauge Bracket mounting size

Optional specification

Panel fitting dimension

W

Plate thickness
AWM20: Max. 3.5

Plate thickness
AWM30: Max. 3.5
AWM40: Max. 5

Panel fitting dimension

Mist Separator Regulator  AWM20/30/40
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Y

Z

Y

Z

W

OUT

O S

OUT

Drain

A

S
B

C

T
N

Q
Pressure gauge
port size

IN OUT

IN OUT

IN OUT

V

G

P

K

M

U

H
D

J

E

Port size

Square embedded type
pressure gauge (option)

Pressure gauge
(option)

Bracket
(option)

Min. clearance
for maintenance

B
C

Q

S

T
N

A

Pressure gauge
port size

Drain

IN OUT

V

G

E

MH
D

J

K

P

Port size

Square embedded type
pressure gauge (option)

Pressure gauge
(option)

Bracket
(option)

Min. clearance
for maintenance

U

B

B

B BB B

O S

O

S

B N.O.: Black
N.C.: Gray

M5 x 0.8         Barb fitting
   Applicable tubing: 
   T0604

ø10 
One-touch 
fitting

Width across
flats 17

1/4

Metal bowl with
level gaugeMetal bowl

AWM20 AWM30, AWM40
Drain cock with

barb fittingWith drain guideWith auto drain
(N.C.)

With auto drain
(N.O./N.C.) Metal bowl

Applicable model

Optional
specifications
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Micro-Mist Separator Regulator

AWD20/30/40

AWD20

Accessory/Optional specification combinations

O
p

tio
n

al
 s

p
ec

ifi
ca

tio
n

s

Accessory/Optional specifications
With bracket (with set nut)

Float type auto drain (N.C.)

Float type auto drain (N.O.)

Square embedded type pressure gauge

Round pressure gauge

Panel mount (with set nut)

0.05 to 0.2MPa setting

Metal bowl

Nylon bowl

Metal bowl with level gauge

With bowl guard

Drain guide 1/4

Non-relieving type

Flow direction: Right to left
Drain cock with barb fitting: ø6 x ø4 nylon tubing
Name plate, caution plate for bowl, and pressure 
gauge in imperial units (PSI, °F)

AWD20B C D E G H 21 6 8 C J R ZWN AWD30 to 40

Applicable micro-mist
separator regulatorOptional specificationAccessory

B
C
D
E
G
H
–1
–2
–6
–8
–C
–J
–N
–R
–W
–Z

Combination

S
ym

bo
l

03 BEF30 1NAWD
Optional specifications

Micro-mist separator
regulator

Thread type
Nil

N Note 1)

F Note 2)

Rc

NPT

G

Description
0.05 to 0.2MPa setting
Metal bowl
Nylon bowl
Metal bowl with level gauge
With bowl guard
Drain guide 1/4
Non-relieving
Flow direction: Right to left
Drain cock with barb fitting: ø6 x ø4 nylon tubing
Name plate, caution plate for bowl, and pressure gauge in imperial units (PSI, °F)

Symbol
1 Note 4)

2
6
8
C
J Note 5)

N
R
W
Z Note 6)

Applicable model
AWD20 to 40
AWD20 to 40
AWD20 to 40
AWD30, 40

AWD20
AWD30, 40

AWD20 to 40
AWD20 to 40
AWD30, 40

AWD20 to 40

Accessories Note 3)

Symbol
Nil
B 
C
D
E
G
H

Applicable model
—

AWD20 to 40
AWD20 to 40
AWD30, 40

AWD20 to 40
AWD20 to 40
AWD20 to 40

Description
—

With bracket
Float type auto drain (N.C.) Note 4)

Float type auto drain (N.O.) Note 4)

With square embedded type pressure gauge (with limit indicator)
With round pressure gauge (with limit indicator)
With set nut (for panel mount)

How to Order
AWD40

Series AWD is a component 
made up of a regulator and a 
micro-mist separator that are 
integrated to provide optimum 
results in applications such 
as ultraclean air blow opera-
tions.

Filtration: 0.01μm

Note 1) Drain guide is for NPT1/4 (applicable to 
AWD30 and AWD40), and the exhaust port 
for auto drain comes with ø3/8" One-touch 
fitting (applicable to AWD30 and AWD40).

Note 2) Drain guide is G1/4 (applicable to AWD30 
and AWD40).

∗ When more than one specification is required, indicate in alphanumeric order.

Note 4) The only difference from the standard specifications is the adjusting spring for the 
regulator. It does not restrict the setting of 0.2MPa or more.

Note 5) Without a valve function. 

: Combination available
: Varies depending on the model  

: Combination not available
: Available only with NPT thread 

A
cc

es
so

ri
es

Port size

Body size

20 30 40

20
�
�
—

—

30
—

�
�
—

40
—

�
�
�

Body size
Symbol

01
02
03
04

Port
size

1/8
1/4
3/8
2/1

Note 3) Optional parts are not assembled and are supplied loose at the time of shipment (except for options C, D and E).
Note 4) Applicable tube O.D for auto drain connection should be ø3/8" in case NPT thread port is chosen.

Note 6) For NPT thread type.
This product is for overseas 
use only according to the 
new Measurement Law. 
(The SI unit type is provided 
for use in Japan.)
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Specific Product Precautions

Air Supply

Mounting & Adjustment

Orange mark

Selection

Maintenance

Standard specifications
Model

Port sizes
Fluid
Proof pressure
Maximum operating pressure
Set pressure range
Pressure gauge port size Note 1)

Ambient and fluid temperature
Nominal filtration rating

Outlet side 
oil mist concentration
Rated flow  L/min (ANR)
Bowl material
Bowl guard 
Drain capacity (cm3)
Construction
Weight (kg)

AWD20
1/8, 1/4

Rc, NPT, G 1/8

90

Option
8

0.44

Note 3)Note 2)

AWD30
1/4, 3/8

Air
1.5MPa
1.0MPa

0.05 to 0.85MPa
Rc, NPT, G 1/8

–5 to 60°C (with no freezing)
0.01μm (95% filtered particle size)

Max. 0.1mg/m3 (ANR) 
(before saturated with hydraulic fluid: 0.01mg/m3 (ANR) or less, approx. 0.008ppm )

180
Polycarbonate

25
Relieving type

0.59

AWD40
1/4, 3/8, 1/2

Rc, NPT, G 1/4

450

45

1.25

Accessory part no.

AWD20

AW20P-270AS

AR20P-260S

G36-10-�01

GC3-10AS

G36-2-�01

GC3-2AS

—

AD27

AWD30

AR30P-270AS

AR30P-260S

G36-10-�01

GC3-10AS

G36-2-�01

GC3-2AS

AD38  AD38N 
Note)

AD37  AD37N 
Note)

AWD40

AR40P-270AS

AR40P-260S

G46-10-�02

GC3-10AS

G46-2-�02

GC3-2AS

AD48  AD48N 
Note)

AD47  AD47N 
Note)

1.0MPa

0.2MPa

Applicable model
Accessory

Bracket assembly Note 1)

Set nut
Round

Square embedded type

Round

Square embedded type

N.O.

N.C.

72

Note 1) Pressure gauge connection threads are not required 
for the regulator with a square embedded type 
pressure gauge (AWD20 to 40).

Note 2) When the compressor oil mist discharge 
concentration is 30mg/m3 (ANR). 

Note 3) Bowl O-ring and other O-rings are slightly 
lubricated.

Note 4) When the outlet pressure is 0.5MPa. (The rated 
flow varies depending on the set pressure.)

Keep the air flow within the rated flow to prevent an 
outflow of lubricant to the outlet side.

Note 1) Assembly includes a bracket and set nuts.

Note 2) � in part numbers for a round pressure gauge indi-
cates a type of connection thread. No indication is 
necessary for R; however, indicate N for NPT. Con-
tact P/A regarding the NPT connection thread and 
pressure gauge supply for PSI unit specifications.

Note 3) Includes one O-ring and 2 mounting screws.

Note 4) Minimum operating pressure: N.O. type–0.1MPa; 
N.C. type–0.1MPa (AD27) and 0.15MPa (AD37/47). 
Set the pressure to allow a pressure drop when the 
fluid flows. Contact P/A regarding the specifica-
tions for PSI unit and °F.

Note 4)

Pressure
gauge

Note 2)

Float type
auto drain

Note 4)

Warning
1. Residual pressure release (outlet 

pressure release) is not complete by 
releasing inlet pressure. Contact P/A 
regarding the residual pressure release. 

Caution
1. Install an air filter (Series AFM) as a 

preliminary filter on the inlet side of the 
micro-mist separator to prevent 
premature clogging.

Warning
1. Replace the element every 2 years or 

when the pressure drop becomes 0.1MPa, 
whichever comes first, to prevent damage 
to the element.

Warning
1. Set the regulator while checking the 

displayed values of the inlet and outlet 
pressure gauges. Turning the knob 
excessively can cause damage to the 
internal parts.

2. The pressure gauge included with micro-
mist separator regulator for 0.05 to 0.2MPa 
setting is for up to 0.2MPa only. Exceeding 
0.2MPa of pressure can damage the 
gauge.

3. Do not use tools on the pressure regulator 
knob as this may cause damage. It must 
be operated manually.

Caution
1. Be sure to unlock the knob before 

adjusting the pressure and lock it after 
setting the pressure.
Failure to follow this procedure can 
cause damage to the knob and the 
outlet pressure may fluctuate.

• Pull the pressure regulator knob to unlock. 
(You can visually verify this with the "orange 
mark" that appears in the gap.)

• Push the pressure regulator knob to lock. 
When the knob is not easily locked, turn it 
left and right a little and then push it (when 
the knob is locked, the "orange mark" will 
disappear).

2. A knob cover is available to prevent 
careless operation of the knob. Refer to 
Features 1 for details.

Note 3)

Note 3)

Be sure to read before handling. Refer to pages 75 through 78 for safety instructions, F.R.L. unit precautions.

Standard

Note) When “N” is specified in the end of part number of auto drain, applicable tube O.D should be ø3/8".
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Parts list

Replacement parts

Construction

Pressure Characteristics (Representative value) Conditions: Inlet pressure 0.7MPa; Outlet pressure 0.2MPa; Flow rate: 20L/min (ANR)

AWD20 AWD30, 40

No.

1
2

Description

Body

Bonnet

Note

Platinum silver

Black

Material

AWD30
Aluminum die-cast

AWD20
Zinc die-cast

Polyacetal

AWD40

AWD20
AWM20P-090AS
AFD20P-060AS
AR20P-150AS
C2SFP-260S

C2SF

AWD40
AWM40P-090AS
AFD40P-060AS
AR40P-150AS
C4SFP-260S
C4SF Note 2)

Description

Valve assembly

Element assembly

Diaphragm assembly

Bowl O-ring

Bowl assembly Note 1)

Materials

Brass, HNBR

—

Weatherability NBR

NBR

PC

Parts no.

AWD30
AWM30P-090AS
AFD30P-060AS
AR30P-150AS
C3SFP-260S
C3SF Note 2)

No.

3
4
5
6
7

Note 1) Including O-Ring. Contact P/A regarding the bowl assembly supply for PSI and °F unit specifications.
Note 2) Bowl assembly for AWD30 and AWD40 comes with a bowl guard (steel band material).

Flow Characteristics (Representative value) Condition: Inlet pressure 0.7MPa

AWD20 Rc 1/4 AWD30 Rc 3/8 AWD40 Rc 1/2

AWD20 AWD30 AWD40

Flow rate  L/min (ANR)
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Set point Set point Set point
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A

S
B

C

T
N

Q
Pressure gauge
port size

IN OUT

IN OUT

IN OUT

Dimensions

AWD30, 40

AWD20

Model

AWD20
AWD30
AWD40

Port size

1/8, 1/4
1/4, 3/8

1/4, 3/8, 1/2

S
15.4
8

10.5 

W
28.5
38.5
42.5

B
190
242
278

Accessory specification

Panel mount With 
auto drain

B
—

234
272

U
2.3
2.3
2.3

T
55
53
70

Q
5.4
6.5
8.5

N
34
40
54

K
5
3.5
1.5 

J
27
30.5
38.5

H
63
66
76

G

45 
50 
70 

E

40
57
73

D

52
59
75

C

73
86
92

B

173
201
239

A

40
53
70

Model

AWD20
AWD30
AWD40

With barb fitting

B
—

209
247

With drain guide

B
—

208
246

Metal bowl

B
173
214
252

Metal bowl with level gauge

Y
14
19
21

Z
6
7
7

Standard specification

M
30
41
50

P
44
46
54

V
30
31
35.5

With pressure gauge Bracket mounting size

Optional specification

Plate thickness
AWD20: Max. 3.5

Panel fitting dimension

Plate thickness
AWD30: Max. 3.5
AWD40: Max. 5

Panel fitting dimension

Micro-Mist Separator Regulator  AWD20/30/40
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W
Y

Z

Y

Z

W

OUT

OUT

O S

V

G

P

K

MH
D

J

E

Port size

Square embedded type
pressure gauge (option)

Pressure gauge
(option)

Bracket
(option)

Min. clearance
for maintenance

U

Q

B
C

S

T
N

A

Pressure gauge
port size

IN OUT K

V

G

E

MH
D

J

P

Port size

Square embedded type
pressure gauge (option)

Pressure gauge
(option)

Bracket
(option)

Min. clearance
for maintenance

U

Drain

Drain

B

B

B BB B

O S

O

S
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Safety Precautions and Instructions

Some procedures in this manual require special safety considerations. In such cases, the text is emphasized with the following 
symbols:

Symbol Explanation

Warning indicates the potential for severe personal injury, death or substantial 
property damage. Comply with the instructions and proceed with care.

Caution indicates the potential for minor personal injury or property damage. 
Comply with the instructions and proceed with care.

System Description

The Badger Meter M-Series® model M-2000 electromagnetic flow meter is intended for fluid metering in most industries 
including water, wastewater, food and beverage, pharmaceutical and chemical.

The basic components of an electromagnetic flow meter are: 

•	 The detector, which includes the flow tube, isolating liner and measuring electrodes.

•	 The amplifier, which is the electronic device responsible for the signal processing, flow calculation, 
display and output signals.

Amplifier

Detector
®

The construction materials of the wetted parts (liner and electrodes) should be appropriate for the specifications on the  
intended type of service. We recommend that you review all of the compatibilities consistent with the specifications.

Each meter is factory tested and calibrated. A calibration certificate is included with each meter. 
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Unpacking and Inspection

Follow these guidelines when unpacking the M-Series equipment.

•	 If a shipping container shows any sign of damage, have the shipper present when you unpack the  
meter.

•	 Follow all unpacking, lifting and moving instructions associated with the shipping container.

•	 Open the container and remove all packing materials. Store the shipping container and packing  
materials in the event the unit needs to be shipped for service.

•	 Verify that the shipment matches the packing list and your order form.

•	 Inspect the meter for any signs of shipping damage, scratches, or loose or broken parts.

Note: If the unit was damaged in transit, it is your responsibility to request an inspection report from the carrier 

within 48 hours. You must then file a claim with the carrier and contact Badger Meter for appropriate repairs or 

replacement.

•	 All detectors with polytetrafluoroethylene (PTFE) liners are shipped with a liner protector on each end 
to maintain proper form of the PTFE material during shipping and storage. 

Note: Do not remove the liner protectors until you are ready to install. 

•	 Storage: If the meter is to be stored, place it in its original container in a dry, sheltered location. Storage 
temperature ranges are: -40°F to 160°F (-40°C to 70°C).

Rigging, Lifting and Moving Large Units

 
When rigging, lifting or moving large units, follow these guidelines:

•	 DO NOT lift or move a meter by its amplifier, junction box or cables.

•	 Use a crane rigged with soft straps to lift and move meters with flow tubes that are between two inches and eight 
inches (50 mm and 200 mm). Place the straps around the detector body, between the flanges, on each side of the 
detector.

•	 Use the lifting lugs when lifting meter flow tubes that are 10 inches (250 mm) in diameter or larger. 

®

®

Place straps between flanges. Use lifting lugs with 10-inch or larger meters.
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•	 Use the sling-rigged method to lift large detectors into a vertical position while they are still crated. Use this method 
to position while they are still crated. Use this method to position large detectors vertically into pipelines.

 

•	 Do not lift a detector with a forklift by positioning the detector body on the forks, with the flanges extending beyond 
the lift. This could dent the housing or damage the internal coil assemblies.

•	 Never place forklift forks, rigging chains, straps, slings, hooks or other lifting devices inside or through the detector's 
flow tube to hoist the unit. This could damage the isolating liner.

Do not lift detector with forklift. Do not lift or rig lifting devices through detector. 
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Meter Location, Orientation and Applications

The M-2000 provides two amplifier mounting options: an integral or meter mount option and a junction box/remote option.

Meter mount amplifier Junction box with remote amplifier

Remote Ampliier Outdoor Location

The amplifier can be installed and operated outdoors. However, it must be protected from the elements, as follows:

•	 The ambient environment/temperature rating for the unit is -4° F to 140° F (-20° C to 60° C).

•	 If an indoor location is within 500 feet (152 meters) of the detector, consider increasing the cable length and  
mounting the amplifier indoors.

•	 At minimum, fabricate a roof or shield over and/or around the amplifier to protect the LCD display screen from direct 
sunlight.

Pipelines and Fluid Flow

Take the following precautions during installation:

•	 Do not install the meter on pipes with extreme pipe vibrations. If pipes are vibrating, secure the piping with  
appropriate pipe supports in front of and behind the meter. If vibrations can’t be restrained, mount the amplifier in a 
remote location.

•	 Do not install the detector close to pipeline valves, fittings or impediments that can cause flow disturbances.

•	 For detectors with PTFE liners, do not install the detector on suction sides of pumps. 

•	 Do not install the detector on outlet sides of piston or diaphragm pumps. Pulsating flow can affect meter  
performance.

•	 Avoid installing the detector near equipment that produces electrical interference such as electric motors, transformers, 
variable frequency, power cables, etc.

•	 Verify that both ends of the signal cables are securely fastened.

•	 Place power cables and signal cables in separate conduits.

•	 Place the meter where there is enough access for installation and maintenance tasks.

Meter Orientation

Mag meters can operate accurately in any pipeline orientation and can measure volumetric flow in forward and reverse  
directions. 

Note: A "Forward Flow" direction arrow is printed on the detector label.
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Vertical Placement

Mag meters perform best when placed vertically, with liquid flowing upward and meter electrodes in a closed, full pipe. 

Vertical placement allows the pipe to remain completely full, even in low flow, low pressure applications, and it prevents  
solids build-up, sediment deposit and accumulation on the liner and electrodes.

Note: Carefully observe the “Forward Flow” label on the meter body and install the meter accordingly. When  

installed vertically, rotate amplifier so that cable glands are facing down.

Horizontal Placement

M-2000 meters are equipped with an "Empty Pipe Detection" feature. If an electrode mounted in the pipe is not covered by 
fluid for five seconds, the meter will display an "Empty Pipe Detection" condition. The meter will send out an error message 
and stop measuring flow. When the electrode is again covered with fluid, the error message disappears and the meter will 
begin measuring. 

When installing the meter on a horizontal pipe, mount the detector to the pipe with the flow-measuring electrode axis in a 
horizontal plane (three and nine o’clock). This placement helps prevent solids build-up, sediment deposit and accumulation 
on the electrodes. 

Electrode
Plane

RIGHT

Electrode
Plane

WRONG
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Straight Pipe Requirements

Sufficient straight-pipe runs are required at the detector inlet and outlet for optimum meter accuracy and performance. An 
equivalent of three diameters of straight pipe is required on the inlet (upstream) side. Two diameters are required on the outlet 
(downstream) side.

FORWARD FLOW 

MINIMUM STRAIGHT PIPE MINIMUM STRAIGHT PIPE 

ELBOW 
TEE 

GATE VALVE 
(FULLY OPEN) 

MINIMUM STRAIGHT PIPE 

CHECK VALVE 
GLOBE VALVE 

BUTTERFLY VALVE 
PUMP 

ELBOW 
TEE 
ANY VALVE 

FLOWMETER 

3 x D 

7 x D 

2 x D 

D (Pipe Size) D (Pipe Size) 

MINIMUM PIPING REQUIREMENT 

STANDARD CONCENTRIC  
REDUCERS 
(NO DISTANCE REQUIRED) 

Pipe Reducer Requirements

With pipe reducers, a smaller meter can be mounted in larger pipelines. This arrangement may increase low-flow accuracy.

There are no special requirements for standard, concentric, pipe reducers.

Custom fabricated pipe reducers must have an approximate slope angle of 15 degrees to minimize flow disturbances and 
excessive loss of head. If this is not possible, install the custom pipe reducers as if they were fittings and install the required 
amount of straight pipe.
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Chemical Injection Applications

For water line applications with a chemical injection point, install the meter upstream of the injection point. This eliminates 
any meter performance issues.

If a meter must be installed downstream of a chemical injection connection, the distance between the meter and the  
injection point should be between 50 and 100 feet (15 and 30 meters). The distance must be long enough to allow the water/
chemical solution to reach the meter in a complete, homogeneous mixture. If the injection point is too close, the meter senses 
the two different conductivities for each liquid. This will likely result in inaccurate measurements. The injection method – 
spaced bursts, continuous stream of drips or liquid or gas – can also affect downstream readings by the meter.

Sometimes, due to circumstances, it’s difficult to specify the exact downstream placement distances. Contact Badger Meter 
Technical Support to review your application if necessary.

Partially-Filled Pipe Situations

In some locations, the process pipe may be momentarily only partially filled. Examples include: lack of back pressure,  
insufficient line pressure, gravity flow applications, etc.

To eliminate these situations, do not install the meter at the highest point of the pipeline.

 

WRONG

FL
O

W
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Do not install the meter in a vertical, downward flow section of pipe.

Always position the ON/OFF valves on the downstream side of the meter.

FL
O

W

WRONG

FL
O

W

RIGHT

 Do not install in a vertical, downward position. Position "On/Off" valves on downstream side.

To minimize the possibility of partially-full pipe flows in horizontal, gravity or low pressure applications, create a pipe  
arrangement that ensures the detector remains full of liquid at all times.
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Meter Gaskets and Grounding

Gasket and grounding requirements must be considered when determining the meter location, orientation and application.

Meter/Pipeline Connection Gaskets

You must install gaskets (not provided) between the detector's isolating liner and the pipeline flange to ensure a proper and 
secure hydraulic seal. Use gaskets that are compatible with the fluid. Center each gasket on the flange to avoid flow  
restrictions or turbulence in the line. 

GASKETS RECOMMENDED

During installation, do not use graphite or any electrically conductive sealing compound to hold the gaskets. This could  
compromise the accuracy of the measuring signal.

If you are using a grounding ring in the detector/pipeline connection, place the ring between two gaskets. (See  
Non-Conductive Pipe Grounding section, page 14.)

Meter Grounding 

Process pipeline material can be either electrically conductive (metal) or not electrically conductive (made of or lined with 
PVC, fiberglass or concrete).

IMPORTANT

It is essential that the mag meter amplifier’s input ground (zero voltage reference) be electrically connected to the liquid 
media and to a good, solid earth ground reference.

Conductive Pipe Grounding

To achieve an adequate ground, the meter body MUST be electrically connected to the liquid media. The mag meter flanges 
are provided with grounding bolts for this purpose.

If the pipe material is electrically conductive, simply install grounding straps between these grounding bolts and the mating 
flanges.

To ensure a good electrical connection at the mating flanges, we recommend that you drill and tap the flanges and install a 
grounding screw (not provided).

These grounding straps must be copper wire, at least 12AWG size. They must be connected on both sides (inlet and outlet) of 
the detector and to a local, earth ground.
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Non-Conductive Pipe Grounding

IMPORTANT

If the process pipe is not electrically conductive (PVC, fiberglass, cement-lined pipes or any other non-conductive  
material) and the meter was not originally ordered with an optional grounding electrode, you must install a pair of 
grounding rings between the mating flanges at both ends of the meter. See the following illustration.

GASKETS RECOMMENDED

GROUNDING RING

GROUNDING RING

In this case, the grounding straps should be connected to both of the grounding rings and to a good, solid earth ground. 
Grounding rings are available in stainless steel. If your fluid is too aggressive for stainless steel, order a meter with the optional 
grounding electrode in a material compatible with the fluid.

Ampliier Mounting Coniguration Options

There are two configuration options for mounting the amplifier. There are many options to accommodate a variety of  
meter-placement and environmental conditions.

Meter Mount Coniguration

The meter mount configuration has the amplifier mounted directly on the detector. This compact, self-contained  
configuration minimizes installation wiring.

Remote Mount Coniguration

The remote mount configuration places the amplifier at a location away from the fluid flow and detector. This is necessary in 
situations where process fluid temperature or the environment exceeds amplifier ratings. 

The detector and amplifier are connected by wires, run through conduit, between junction boxes on the detector and the 
amplifier. The distance between the detector junction box and amplifier junction box can be up to 500 feet (152 meters). A 
remote mounting bracket is supplied.

Submersible Option

If you are installing the meter in a vault, you should order the remote amplifier option. You must not install the amplifier inside 
a vault. We also recommend ordering the remote meter package with the submersible option (NEMA 6P). This will eliminate 
any potential problems resulting from humidity or temporary flooding in the vault. 

Note: The National Electronics Manufacturer's Association (NEMA) 6P enclosures are constructed for indoor or 

outdoor use to provide protection against access to hazardous parts; to provide a degree of protection against  

ingress of solid foreign objects and water (hose directed water and the entry of water during prolonged  

submersion at a limited depth); that provide an additional level of protection against corrosion and that will be 

undamaged by the external formation of ice on the enclosure.
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Wiring

Wiring Safety

 At installation, be sure to comply with the following requirements:

•	 Disconnect power to the unit before attempting any connection or service to the unit.

•	 Do not bundle or route signal lines with power lines.

•	 Keep all lines as short as possible. 

•	 Use twisted pair shielded wire for all output wiring.

•	 Observe all applicable, local electrical codes.

Opening the M-2000 Cover

The M-2000 amplifier's design lets you open the cover without completely removing it. 

  Cover is attached with display ribbon cable. 

To open the cover you will need a blade screwdriver. 

Follow these steps:

1. Disconnect power to the unit.

2. Completely remove the two screws from either the left or the right side of  
the ampliier. 

3. Loosen each of the remaining screws so that the round head of the screw clears the top edge of the cover.

4. Lift and pivot the cover into the open position.
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Power Connections

External Disconnect

 Install an external disconnect switch or circuit breaker that meets local standards. 

Position the M-2000 in an accessible location.

Position and identify the disconnect device so as to provide safe and easy operation. 

Label the disconnect device as being for the mag meter.

AC Power Wiring

For the AC power connections, use three wire-sheathed cable with an overall cable diameter of 0.2 inch to 0.45 inch (5 mm 
to 12 mm). For signal output, use 18 to 22 gauge (0.25 mm2 to 0.75mm2) shielded wire. Overall cable diameter between 0.12 
inch and 0.35 inch (3 mm to 9 mm).

 To prevent accidents, connect main power only after all other wiring has been completed.

The amplifier is a microprocessor device. It is important that the power supply be as “clean” as possible. Avoid using power 
lines that feed heavy loads: pumps, motors, etc. If dedicated lines are not available, a filtering or isolation system may be 
required.

Power wiring is the same for meter mount and remote mount amplifiers.

Remote Mount Installation

If you are installing the M-2000 amplifier in a remote location, review the procedures in this section.

Mount Bracket to Amplifier

1. Align bracket-mounting holes with ampliier mounting holes.

2. Attach bracket to ampliier with supplied screws. Torque screws to 80 inch pounds.

Wiring Configuration

Wiring between the detector and the M-2000 amplifier comes complete from the factory. If your installation requires the use 
of conduit, we recommend that you follow these steps when wiring the detector to the amplifier.

1. Remove the junction box lid. Carefully remove the wires connected to the terminal blocks that run to the M-2000 
ampliier. See the chart below for a reference of wire color to terminal connection.

2. Run cable through the conduit from the ampliier location while retaining the wiring of the cable to the ampliier, as 
supplied.

3. Complete conduit assembly on both ends and rewire the cable into the junction box as it was  
previously wired.

294

294



Page 174-11

Installation & Operation Manual

Wiring for Remote Configuration

44
40
44
46
44
45

13
12
11

  

  

shield (black)

pink

brown

shield (black)
white

shield (black)

yellow
green

green

yellow

shield (black)

white

shield (black)

brown

pink

shield (black)

E1

ES

E2

RS

EP

ES

CS C2  C1 

Remote style M-2000 amplifier models can be ordered with standard cables measuring 15, 30, 50 and 100 feet. In addition, 
cables up to 500 feet are available. 

Junction Box Amplifier

Connection No. Description Wire Color Connection

11 Coil Green C1

12 Coil Yellow C2

13 Main Shield Black (Red Ferrul) CS

45 Electrode White E1

44* Electrode Shield Black ES

46 Electrode Brown E2

40 Empty Pipe Pink EP

44* Empty Pipe Shield Black ES

*Connections with the No. 44 are lying on the same potential.

Empty Pipe Detection Considerations

Take into account the following cable length and conductivity requirments, if you will be using empty pipe detection.

Cable Length (Feet) Minimum Conductivity Required (µS/cm)

0* 5

100 20

500 100

* Meter Mount
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Coniguring Input/Output (I/O)

This section describes wiring the following M-2000 inputs/outputs:

•	 Analog output

•	 Digital input

•	 Digital outputs

•	 Communication

Once the sensor and the amplifier have been wired, wire any inputs and outputs to the M-2000 amplifier.

Do not connect the main power connection until you have made all other wiring connections. Follow all of the safety  
precautions and local code to prevent electrical shock and damage to the electronic components.
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Input/Output Description Terminal

Analog Output 0-20 mA        Resistive Load < 800 ohms 
4-20 mA        Resistive Load < 800 ohms 
0-10 mA        Resistive Load < 800 ohms 
2-20 mA        Resistive Load < 800 ohms

16 (+) 
15 (-)

Digital Output 1 Passive max. 30 VDC, 100 mA 
Active 24 VDC, 50 mA (set Jumper JP1) 
Max. Frequency 10 kHz

1 (+) and 2 (-)

Digital Output 2 Passive max. 30 VDC, 100 mA 
Active 24 VDC, 50 mA (set Jumper JP2) 
Max. Frequency 10 kHz

3 (+) and 4 (-)

Digital Output 3 Passive Max 30 VDC, 100 mA, 10 kHz 
Solid State Relay 48 VAC, 500 mA, 1 kHz 
* Software configurable

10 (+) and 9 (-) 
10 (+) and 11 (-)

Digital Output 4 Passive Max 30 VDC, 100 mA, 10 kHz 
Solid State Relay 48 VAC, 500 mA, 1 kHz 
* Software configurable

13 (+) and 12 (-) 
13 (+) and 14 (-)

Digital Input 5 - 30 VDC 8 (+) and 9 (-)

Communications 
(Port A)

RS232, configurable, Modbus RTU or RDI. 7 GND 
6 Rx 
5 Tx

Analog Output Wiring Diagram
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Digital Output Wiring Diagrams

  

  

Digital Input Wiring Diagram
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Programming the M-2000

The M-2000 amplifier comes preprogrammed from the factory. Typically, you will not need to do any additional programming. 
However, to take advantage of special features, you can program the meter for your specific needs. If you will be  
programming the meter, familiarize yourself with the M-2000 Function Buttons and follow the procedures outlined below.

Displays

There are two types of displays on the M-2000: 

•	 Menu Selection 

•	 Numeric Entry

Menu Selection Display

Menu selection displays will appear in the following format:

DISPLAY TITLE

>Menu Selection 1

 Menu Selection 2

DIRECTIONS LINE

START MENU

>Exit this Menu

 Main Menu

MORE: ↑,↓     ENTER:>
Display format Example menu

The top line shows the title of of the display screen. Below that are two visible menu selections. The bottom line provides 
directions for user input. 

Typically, a menu contains more options than will fit in the two, menu selection lines. Press the [↑] and [↓] buttons to scroll 
the display text up and down one line at a time.When the arrow is pointed to your desired menu option, press [E] to select the 
item and open its display.

Numeric Entry Display

Numeric entry displays will appear in the following format:

DISPLAY TITLE

   Description Line

    Numeric Value

DIRECTIONS LINE

LOW FLOW CUTOFF

 % of    300.000 GPM

       2.00%

CHG: +,-      NEXT:E

Display format Example numeric entry display

The top line shows the title of of the display screen. The second line is a description of the value. The third line shows the  
current value. The bottom line provides directions for user input. 
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Note: The bottom line of a numeric-value display provides prompts regarding the function of each button. The [+] 

or [-] button will change the value of the numeral. The [E] button will move the cursor one digit to the right. When 

the cursor is at the final, right-most digit, pressing [E] will reposition the cursor at the left-most digit. The bottom 

line display will change to reflect the new function of the [E] button. Press [E] to save the current entry. Press [+] to 

edit the current entry.

LOW FLOW CUTOFF

 % of    300.000 GPM

       3.00%

EDIT:+        SAVE:E

Details on how to change and set numeric values are described in the following section, Function Buttons.

Function Buttons

All M-2000 programming is accomplished using the three function buttons located on the front of the amplifier:

Note: Throughout this manual, the buttons will be referred to as: [↑] or [+] and [↓] or [-], depending on the context. 

The "Enter" button will be referred to as [E].

  Consider the  [+ | ↑]  button as the "next step" or "scroll text up" button. During programming, pressing this button will 
go to the next menu selection, or increment a numeral.

Example 1: The illustration below shows the M-2000 Main Menu. The selection arrow is pointing to the Exit this Menu  
selection. 

To scroll up to the menu's next selection, press [↑] once. The menu text scrolls up to the next menu selection, Main Menu.

START MENU

>Exit this Menu

 Main Menu

MORE: ↑,↓     ENTER:>

Press 

[↑] 
START MENU

> Main Menu

  Quick Setup

MORE: ↑,↓     ENTER:>

Example 2: Some procedures require you to enter a numeric value. The [+] button is used to increment the selected numeral. 
The illustration below, shows the Low Flow Cutoff parameter display. Notice the cursor under the 2 in the ones' place. In this 
case, press [+] once to increment the numeral to the value of 3.00%.

LOW FLOW CUTOFF

 % of    300.000 GPM

       2.00%

CHG: +,-      NEXT:E

Press  [+]

LOW FLOW CUTOFF

 % of    300.000 GPM

       3.00%

CHG: +,-      NEXT:E
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  Consider the Down Arrow [ - | ↓ ] button as the "previous step" button. During a procedure, pressing this button will 
go to the menu's previous selection or decrement a numeral.

Example 1: The illustration below shows the M-2000 Main Menu. The selection arrow is pointing to the Meter Setup  
selection. To scroll the text down to the menu's previous selection, Exit this Menu (which is not visible on the display),  
press [↓] once.

MAIN MENU

>Meter Setup

 Measurements

MORE: ↑,↓     ENTER:>
Press  [↓] 

MAIN MENU

>Exit this Menu

 Meter Setup

MORE: ↑,↓     ENTER:>

Example 2: For procedures that require you to enter a numeric value, the [-] button is used to decrement the selected  
numeral. The illustration below shows the Low Flow Cutoff parameter display. Notice the cursor under the 3 in the ones' 
place. In this case, press the [-] once to decrement the numeral to the value of 2.00 %.

LOW FLOW CUTOFF

 % of    300.000 GPM

       3.00%

CHG: +,-      NEXT:E

Press  [-]

LOW FLOW CUTOFF

 % of    300.000 GPM

       2.00%

CHG: +,-      NEXT:E

  The [E] button functions as an "Enter" button, or "cursor right" button.

Example 1: The illustration below shows the M-2000 Main Menu. The selection arrow is pointing to the Meter Setup  
selection. Press [E] to select Meter Setup, and open the Meter Setup display.

MAIN MENU

>Meter Setup

 Measurements

MORE: ↑,↓     ENTER:>
Press  [E] 

METER SETUP

>Exit this Menu

 Scale Factor

MORE:↑,↓     ENTER:> 

In cases where you are entering a numeric value, the [E] button does not function as the "Enter" button, but rather, will move 
the cursor to the right. When the cursor is at the right-most position, the [E] will now serve as the Enter key. 

Example 2: The illustration below shows the Low Flow Cutoff display. The cursor is under the 3 in the ones' place. In this case, 
press [E] to move the cursor to the right one digit.

LOW FLOW CUTOFF

 % of    300.000 GPM

       3.00%

CHG: +,-      NEXT:E

Press  [E]

LOW FLOW CUTOFF

 % of    300.000 GPM

       3.00%

CHG: +,-      NEXT:E
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Security

The M-2000 security feature gives you the option to restrict access to the meter by way of a five-digit Personal Identification 
Number (PIN). The system administrator can set up a single PIN for each of the three different levels of access:

•	 Administration - allows access to all M-2000 menu configuration screens.

•	 Service - allows access to service-level and user-level menu configuration screens.

•	 User - allows access only to user-level menu configuration screens.

Not all levels of access need to be set. If no PINs are set up, any M-2000 user will have access to all functions.

Note: The security settings will also apply to remote access. All remote writes to the meter will be blocked unless 

the user is remotely logged in.

Setting the Administration PIN

Users logged in with the Administration PIN have access to all M-2000 menu configuration screens.

To set the administrator's PIN, follow these steps from the Advanced Menu:

1. Select Security to view the Security menu.

2. Select Set Admin PIN to view the Admin PIN display.

3. Set the ive-digit PIN number to the desired value.

4. Press [E] to save the PIN and to return to the Security menu.

Setting the Service PIN

Users logged in with the Service PIN have access to service level menu configuration screens. Service users will not have  
access to administrative screens.

Note: In order to set a service-level PIN, you must first set up an administration PIN.

To set the service PIN, follow these steps from the Advanced Menu:

1. Select Security to view the Security menu.

2. Select Set Service PIN to view the Service PIN display.

3. Set the ive-digit PIN number to the desired value.

4. Press [E] to save the PIN and to return to the Security menu.

Setting the User PIN

Users logged in with this User PIN have access to user-level procedures. Users will not have access to administrative or service 
screens. 

Note: In order to set a user-level PIN, you must first set up an administration PIN and a service PIN.

To set the user's PIN, follow these steps from the Advanced Menu:

1. Select Security to view the Security menu.

2. Select Set User PIN to view the User PIN display.

3. Set the ive-digit PIN number to the desired value.

4. Press [E] to save the PIN and to return to the Security menu.
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Entering Your Personal Identiication Number (PIN)

If your system has been set up with PIN security, you will need to enter a PIN to access programming functions. There are 
three possible access levels, each with its own unique PIN: User, Service and Administration. Your system administrator will 
provide you with the appropriate PIN.

Note: All PINs are factory set to 00000. At this setting, you will not be required to enter a PIN. If the system  

administrator has not set the PIN, pressing [E] from the Start Screen opens the Main Menu.

If you forget or misplace your PIN, call Badger Meter Customer Service to get a master password. When you call, 

have the security code that appears in the upper right corner of the PIN Request display.

Follow these steps to enter your PIN in the M-2000:

1. At the Main Menu, press [E]. The PIN Request display opens. 

PIN REQUEST    12345

 Please enter

    pin #:  00000

CHG:+,-       NEXT:E

Security Code

2. Press [+] to increment the numeral. 

3. Press [E] to move the cursor to the next digit. 

4. Repeat the steps to set each of the ive digits to match your PIN. 

5. Press [E]. If you entered a valid PIN, the Main Menu opens inidicating your level of access. 
 
If you entered the wrong PIN, you will see the following display:

MENU ACCESS

   DENIED

•	 Press [E] to return to the PIN Request display.

•	 Repeat Steps 1 through 5.

Note: Be sure to log off when you have completed work with the M-2000. Otherwise, there will be a five-minute 

delay between your last activity and the time when the M-2000 will automatically log you off.
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Setting Up the M-2000 with Quick Setup

The M-2000 provides you with a Quick Setup utility that allows you to set or change your Flow Units, Totalizer Units, Full Scale 
Flow and Low Flow Cutoff settings. To open the Quick Setup, select Quick Setup from the Start menu.

Quick Setup
Flow Unit

[GPM]

Flow Unit lets you set the unit of measure for the flow rate and full scale flow. 

To change the Flow Unit value, follow these steps from the Quick Setup menu.

1. Select Flow Unit to view the Flow Unit display.

2. Press [↑] or [↓] to position the arrow next to one of the following Flow Units:

Code Flow Unit Code Flow Unit

LPS Liter/Second GPM Gallons/Min.

LPM Liter/Minute GPH Gallons/Hour

LPH Liter/Hour MGD MegaGallon/Day

M3S Cubic Meter/Sec. IGS UKG/Sec.

M3M Cubic Meter/Min. IGM UKG/Min.

M3H Cubic Meter/Hour IGH UKG/Hour

F3S Cubic Feet/Sec. LbM Pound/Min.

F3M Cubic Feet/Min. OPM Ounce/Min

F3H Cubic Feet/Hour BPM Barrel/Min

GPS Gallons/Sec. -- --

3. Press [E] to save the Flow Units setting. 

Totalizer Unit

[USG]

This parameter establishes the units of measure for the totalizers. 

To change the Totalizer Unit value, follow these steps from the Totalizer Unit display.

1. Press [↑] or [↓] to position the arrow next to one of the following Totalizer Units:

Code Totalizer Unit Code Totalizer Unit

L Liters UKG Imperial Gallons

HL HectoLiters Lb Pounds

M^3 Cubic Meters Oz Fluid Ounces

CFt Cubic Feet Aft Acre Feet

USG U.S. Gallons BBL Barrel

MG MegaGallons

2. Press [E] to save the Totalizer Units setting. 
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Quick Setup
Full Scale Flow This parameter sets the maximum flow the system is expected to measure. This parameter has  

influence on other system parameters. These parameters include:  

•	 Frequency Output – Full scale frequency is observed at full scale flow

•	 Low Flow Cutoff – Changes to full scale flow affect the measuring cut-off threshold of the meter

•	 Alarm Outputs – Changes to full scale flow adjusts the thresholds for generating set point alarms

•	 Pulse Outputs – Changes to full scale flow adjusts the pulse frequency and duty cycle

•	 Analog Outputs – Changes to full scale flow adjusts the interpretation of the analog output signal

Change the full scale flow based on the meter size and the application’s requirements. Verify that the 
full scale flow falls within the meter’s suggested flow range limits. In terms of flow velocity, the meter's 
limits are from 0.1 to 39.4 feet/second.

The full scale flow is valid for both flow directions.

Note: If the flow rate exceeds the full scale setting, an error message indicates that the 

configured full scale range has been exceeded. However, the meter will continue to measure. 

This will affect the latency of the pulse outputs and possibly cause overflow. Furthermore, 

the analog output may also be placed in alarm mode.

To set or change the Full Scale Flow, follow these steps from the Quick Setup menu:

1. Select Full Scale Flow to view the Full Scale Flow display.

2. Set the full scale flow value to the desired setting.

3. Press [E] to save the full scale flow value and return to the Measurements menu.

Low Flow Cutoff Low flow cutoff defines the threshold at which flow measurement will be forced to zero. The cutoff 
value can be set from 0% to 10% of the full scale flow. Increasing this threshold will help prevent false 
readings during “no flow” conditions possibly caused by pipe vibration or inherent system noise.

To change Low Flow Cutoff, follow these steps from the Low Flow Cutoff display.

1. Set the Low Flow Cutoff value to the desired setting, between 0% and 10%.

2. Press [E] to save the value.
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Using the M-2000's Main Menu Programming Options

The following M-2000 programming options are available from the Main Menu:

•	 Meter Setup

•	 Measurements

•	 Inputs/Outputs

•	 Clear Totals

•	 Communications

•	 Advanced

•	 Info/Help

•	 Language Select

In the section that follows, the applicable security level for each menu option is indicated as follows:

A S U
Administrative Service User

Options that can be set at Quick Setup are indicated with: 
The factory default values are shown, enclosed in brackets.

Note: Options that are listed [Factory Set] should not be changed without specific directions from authorized 
Badger Meter personnel.

Meter Setup
Scale Factor

[0.0%]

S

Changing the scale factor lets you adjust the meter's accuracy without disturbing factory-set  
parameters. You can tune the meter to meet changing application requirements. For example, if the 
meter is under registering by 0.5 percent then set the scale factor to +0.5%. If the meter is over  
registering by 0.5 percent then set the scale factor to -0.5%.

To set the Scale Factor, follow these steps from the Meter Setup menu:

1. Select Scale Factor, to open the Detector Factor display.

2. Set the Detector Factor value to the desired setting.

3. Press [E], to save the new value and return to the Meter Setup menu.

Empty Pipe Detect

[Off ]

S

When set to On, Empty Pipe Detect indicates to the outputs and the display that the meter is not 
completely filled. When set to Off, empty pipe detect is disabled.

Enabling empty pipe detect requires a one-time calibration. Calibration is described in the Advance 
Menu section under Empty Pipe Cal.

To set Empty Pipe Detect, follow these steps from the Meter Setup menu:

1. Select Empty Pipe Detect to view the Empty Pipe Detect display.

2. Position the arrow next to On or Off.

3. Press [E] to save the Empty Pipe Detect On or Off and return to the Meter Setup menu.
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Meter Setup
Power Line Freq

[60 Hz]

S

This parameter provides measuring immunity to industrial noise from a power supply feed. 

To set Power Line Frequency, follow these steps from the Meter Setup menu:

1. Select Power Line Freq to view the Power Line Frequency display.

2. Position the arrow next to 50 Hz or 60 Hz.

3. Press [E] to save the power line frequency and return to the Meter Setup menu.

Excitation Freq

[Factory Set]

A

This parameter is set at the factory. You can change Excitation Freq to configure the DC excitation of the 
coils. Supported frequencies are dependent on the configured power line frequency:

50 Hz 60 Hz

1 Hz 1 Hz

3.125 Hz 3.75 Hz

6.25 Hz 7.5 Hz

12.5 Hz 15 Hz

To change Excitation Frequency, follow these steps from the Meter Setup menu:

1. Select Excitation Freq to view the Excitation Frequency display.

2. Position the arrow next the desired frequency.

3. Press [E] to save the excitation frequency and return to the Meter Setup menu. 

Pipe Diameter

[Factory Set]

A

This parameter is set at the factory. In the event the amplifier is replaced, verify that the pipe diameter 
matches the installed pipe size.

To change Pipe Diameter, follow these steps from the Meter Setup menu:

1. Select Pipe Diameter to open the Pipe Diameter display.

2. Position the arrow next to one of the following pipe diameters.

6mm [1/4"] 65mm [2 1/2"] 400mm [16"] 1000mm [40"]

8mm [1/4"] 80mm [3"] 450mm [18"] 1050mm [42"]

10mm [1/4"] 100mm [4"] 500mm [20"] 1200mm [48"]

15mm [1/4"] 125mm [5"] 550mm [22"] 1400mm [54"]

20mm [1/4"] 150mm [6"] 600mm [24"] 1600mm [64"]

25mm [1 "] 200mm [8"] 700mm [28"] 1800mm [72"]

32mm [1 1/4"] 250mm [10"] 750mm [30"] 2000mm [80"]

40mm [1 1/2"] 300mm [14"] 800mm [32"] Other

50mm [2"] 350mm [14"] 900mm [36"]

3. Press [E] to save the pipe diameter and return to the Meter Setup menu.
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Meter Setup
Detector Factor

[Factory Set]

A

This parameter is set at the factory. This factor compensates for accuracy error as a result of the installed 
detector. If accuracy adjustment of the meter is required, please refer to the scale factor.

In the event the amplifier is replaced, this parameter must be reprogrammed with the original detector 
factor.

Detector Offset

[Factory Set]

A

This parameter is set at the factory. This parameter compensates for accuracy error as a result of the 
installed detector. If accuracy adjustment of the meter is required, please refer to the scale factor.

Measurements
Flow Units

[GPM]

 U   
Flow Units lets you set the unit of measure for the flow rate and full scale flow. Changing the flow units 
parameter readjusts the full scale flow parameter. For example, changing from GPM to GPS would 
change the full scale flow from 60 GPM to 1 GPS.

To change the Flow Unit, follow these steps from the Measurements menu:

1. Select Flow Units to view the Flow Units display.

2. Position the arrow next to one of the following flow unit options:

Code Flow Unit Code Flow Unit

LPS Liter/Second GPM Gallons/Min.

LPM Liter/Minute GPH Gallons/Hour

LPH Liter/Hour MGD MegaGallon/Day

M3S Cubic Meter/Sec. IGS UKG/Sec.

M3M Cubic Meter/Min. IGM UKG/Min.

M3H Cubic Meter/Hour IGH UKG/Hour

F3S Cubic Feet/Sec. LbM Pound/Min.

F3M Cubic Feet/Min. OPM Ounce/Min

F3H Cubic Feet/Hour. BPM Barrel/Min

GPS Gallons/Sec.

3. Press [E] to save the flow units and return to the Measurements menu.
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Measurements
Totalizer Unit

[USG]

 U   

This parameter establishes the units of measure for the totalizers. 

To change the Totalizer Unit value, follow these steps from the Measurements menu:

1. Select Totalizer Unit to view the Totalizer Unit display.

2. Position the arrow next to one of the following totalizer units:

Code Totalizer Unit Code Totalizer Unit

L Liters UKG Imperial Gallons

HL HectoLiters Lb Pounds

M^3 Cubic Meters Oz Fluid Ounces

CFt Cubic Feet Aft Acre Feet

USG U.S. Gallons BBL Barrel

MG MegaGallons

3. Press [E] to save the totalizer unit and return to the Measurements menu.

Full Scale Flow

[Factory Set]

U   
This parameter sets the maximum flow the system is expected to measure. This parameter has influence 
on other system parameters. These parameters include:  

•	 Frequency Output – Full scale frequency is observed at full scale flow

•	 Low Flow Cutoff – Changes to full scale flow affect the measuring cut-off threshold of the meter

•	 Alarm Outputs – Changes to full scale flow adjusts the thresholds for generating set point alarms

•	 Pulse Outputs – Changes to full scale flow adjusts the pulse frequency and duty cycle

•	 Analog Outputs – Changes to full scale flow adjusts the interpretation of the analog output signal

Change the full scale flow based on the meter size and the application’s requirements. Verify that the 
full scale flow falls within the meter’s suggested flow range limits. In terms of flow velocity, the meter's 
limits are from 0.1 to 39.4 feet/second.

The full scale flow is valid for both flow directions.

Note: If the flow rate exceeds the full scale setting, an error message indicates that the  

configured full scale range has been exceeded. However, the meter will continue to measure. 

This will affect the latency of the pulse outputs and possibly cause overflow. Furthermore, the 

analog output may also be placed in alarm mode.

To change the Full Scale Flow, follow these steps from the Measurements menu:

1. Select Full Scale Flow to view the Full Scale Flow display.

2. Set the full scale flow value to the desired setting.

3. Press [E] to save the full scale flow value and return to the Measurements menu.
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Measurements
Low Flow Cutoff

[0.2%]

 U  
Low flow cutoff defines the threshold at which flow measurement will be forced to zero. The cutoff 
value can be set from 0% to 10% of the full scale flow. Increasing this threshold will help prevent false 
readings during “no flow” conditions possibly caused by pipe vibration or inherent system noise.

To change the Low Flow Cutoff value, follow these steps from the Measurements menu:

1. Select Low Flow Cutoff to view the Low Flow Cutoff display.

2. Set the low flow cutoff value to the desired setting.

3. Press [E] to save the new low flow cutoff value.

Flow Direction

[Bi-Directional]

U  

Flow direction lets you set the meter to measure forward flow only (uni-directional) or both forward and 
reverse flow (bi-directional).

Uni-Directional 

Flow is totalized in only one direction. The flow direction is indicated by the arrow printed on the  
detector label. Uni-directional measurements on the main display screen include:

•	 T1: Registers forward flow, resettable by menu or Modbus RTU

•	 T2: Registers forward flow, resettable by menu, Modbus RTU, or digital input configured for Remote 
Reset

Bi-Directional 

Flow is totalized in both directions. Bi-directional measurements on the main display screen include:

•	 T+: Registers forward flow, resettable by menu or Modbus RTU

•	 T-:  Registers reverse flow, resettable by menu or Modbus RTU

•	 TN: Registers total flow, T+ - T-, resettable by menu or Modbus RTU

To change the flow direction follow these steps from the Measurements menu:

1. Select Flow Direction to view the Flow Direction display. 

2. Select Uni-Directional or Bi-Directional.

3. Press [E] to save the flow direction and return to the Measurements menu.

Damping Factor

[No Damping]

U

The damping factor establishes the stability of the measured flow rate. If back and forth oscillations of 
the flow rate are observed during normal flow conditions, increase this value incrementally until the 
flow rate stabilizes. This parameter has no affect on the totalizers.

To change the Damping Factor value, follow these steps from the Measurements menu:

1. Select Damping Factor to view the Damping Factor display. 

2. Select one of the following damping factors:

1 Second 10 Seconds

2 Seconds 20 Seconds

3 Seconds 30 Seconds

4 Seconds No Dampening

5 Seconds

3. Press [E] to save the damping factor and return to the Measurements menu.
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Inputs/Outputs
Analog Output Range

[4 to 20 mA]

S

This parameter establishes the range of the analog output signal. To change Analog 
Output range, follow these steps from the Inputs/Outputs menu:

1. Select Analog Output to view the Analog Output display.

2. Select one of the following options:

•	 4 to 20 mA

•	 0 to 20 mA

•	 2 to 10 mA

•	 0 to 10 mA

3. Press [E] to save the analog output and return to the Inputs/Outputs menu.

Alarm Mode

[HIGH]

S

This parameter configures the behavior of the analog output during alarm conditions.
Three options exist for this parameter: OFF, LOW, and HIGH.

OFF: Analog signal is based on flow rate and always within the configured range

LOW: During alarm conditions, the analog signal will be 2mA less than the  
configured lower range

HIGH: During alarm conditions, the analog signal will be 2mA more than the  
configured upper range

For example, if the analog range is 4 to 20 mA and the alarm mode is set to HIGH, then 
during a full scale flow alarm condition, the analog output current will be 22 mA.

To change the analog output alarm mode, follow these steps from the Inputs/Outputs 
menu:

1. Select Alarm Mode to view the Alarm Mode display.

2. Select one of the following options:

•	 OFF

•	 LOW

•	 HIGH

3. Press [E] to save the alarm mode and return to the Inputs/Outputs menu.

Digital Input Digital input lets you configure the functional operation of the digital input. The following functions 
are supported:

•	 Remote Reset – Clears totalizer T2 (uni-directional)

•	 Batch Reset – Resets batch totalizer PS to preset amount and clears T2 (uni-directional)

•	 Pos Zero Return – Forces flow rate to zero (does not totalize)

To change Digital Input, follow these steps from the Inputs/Outputs menu:

1. Select Digital Input to view the Digital Input display.

2. Select the desired function.

3. Press [E] to save the digital input and return to the Inputs/Outputs menu. 
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Inputs/Outputs
Digital Output Pulses/Unit

[1]

S

The Pulses/Unit parameter lets you set how many pulses per unit of measure will be 
transmitted to remote applications. For example, assuming the unit of measure is 
gallons:

•	 Setting the Pulses/Unit to 1 will transmit 1 pulse every gallon

•	 Setting the Pulses/Unit to 0.01 will transmit 1 pulse every 100 gallons

You must configure pulses/unit if the function of the selected output is to be  
forward, reverse or AMR pulse.

This parameter must be considered with the Pulse Width and Full Scale Flow  
parameters. The maximum pulse frequency is 10 kHz. The frequency is correlated 
with the flow rate. Violation of output frequency limits will generate a configuration 
error.

To change the pulses/unit, follow these steps from the Inputs/Outputs menu:

1. Select Digital Output 1 or 2 and press [E] to open the Digital Output menu.

2. From the Digital Output menu select Pulses/Unit, and press [E] to open the 
Pulses/Unit display.

3. Enter the pulses/unit value. Press [E] to save the new parameter and return to 
the Digital Output menu.

Pulse Width

[0 ms]

S

This parameter establishes the On duration of the transmitted pulse. The  
configurable range is from 0 to 1000 ms. 

•	 Non-zero pulse width configuration – the Off duration of the transmitted pulse 
is dependent on flow rate. The Off duration is to be at least the configured On 
duration. At full scale flow, the On duration equals the Off duration. The  
maximum configurable output frequency is limited to 500 Hz.

•	 0 ms pulse width configuration – the duty cycle of the transmitted pulse is at 50 
percent allowing for a maximum configurable output frequency of 10 kHz.

This parameter must be considered with the Pulses/Unit and Full Scale Flow  
parameters. The maximum pulse frequency is 10 kHz. The frequency is correlated 
with the flow rate. Violation of output frequency limits will generate a configuration 
error.

To change the pulse width, follow these steps from the Inputs/Outputs Menu:

1. Select Digital Output 1 or 2 and press [E] to open the Digital Output menu.

2. From the Digital Output menu select Pulse Width, and press [E] to open the 
Pulse Width display.

3. Enter the pulse width value. Press [E] to save the new parameter and return to 
the Digital Output menu.
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Inputs/Outputs
Digital Output Preset Amount

[0.0]

S

Preset amount lets you set the reset value for the associated PS totalizer when the 
digital input is set to Batch Reset. 

To change the preset amount, follow these steps from the Inputs/Outputs Menu:

1. Select Digital Output 1, 2, 3 or 4 and press [E] to open the Digital Output 
menu.

2. From the Digital Output menu select Preset Amount, and press [E] to open 
the Preset Amount display.

3. Enter the preset amount value. Press [E] to save the new parameter and return 
to the Digital Output menu.

Note: You can only set one Preset Amount. If you set the Preset Amount for 

Digital Output 1, it will be the same for 2, 3 and 4.

Set Point Min.

[0%]

S

This parameter establishes, as a percentage of full scale flow, the threshold at which 
the output alarm will be activated. Flow rates below the threshold will activate the 
output alarm. 

To change the set point minimum, follow these steps from the Inputs/Outputs 

Menu:

1. Select Digital Output 1, 2, 3 or 4 and press [E] to open the Digital Output 
menu.

2. From the Digital Output menu select Set Point Min., and press [E] to open the 
Set Point Min. display.

3. Enter the set point minimum value. Press [E] to save the new parameter and 
return to the Digital Output menu.

Set Point Max.

[100%]

S

This parameter establishes, as a percentage of full scale flow, the threshold at which 
the output alarm will be activated. Flow rates above the threshold will activate the 
output alarm. 

To change the maximum set point, follow these steps from the Inputs/Outputs 

Menu:

1. Select Digital Output 1, 2, 3 or 4 and press [E] to open the Digital Output 
menu.

2. From the Digital Output menu select Set Point Max., and press [E] to open 
the Set Point Max. display.

3. Enter the set point maximum value and press [E] to save the new parameter 
and return to the Digital Output menu.
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Inputs/Outputs
Digital Output Output Type

[1: Normally Open]

[2: Normally Open]

[3: Normally Open]

[4: Normally Closed]

S

The Output Type parameter lets you set the output switch to normally open or 
normally closed. If normally open is selected, the output switch is open  
(no current) when the output is inactive, and closed (current flows) when the 
output is active. 

If normally closed is selected, the output switch is closed (current flows) when 
the output is inactive, and open (no current) when the output is active. 

To change the Output Type, follow these steps from the Inputs/Outputs Main 

Menu:

1. Select Digital Output 1, 2, 3 or 4 and press [E] to open the Digital Output  
menu.

2. From the Digital Output menu, select Output Type,  
and press [E] to open the Output Type display.

3. Select Normally Open or Normally Closed.

4. Press [E] to save the new parameter and return to the Digital Output 
menu.

Hardware Type

[3: Open Collector]

[4: Open Collector]

S

The hardware type parameter lets you select the type of hardware used to drive 
the output signal: either open collector or solid-state relay.

To change the Hardware Type, follow these steps from the Inputs/Outputs 

Main Menu:

1. Select Digital Output 3 or 4 and press [E] to open the Digital Output 
menu.

2. From the Digital Output menu select Hardware Type, and press [E] to 
open the Hardware Type display.

3. Select Open Collector or Relay.

4. Press [E] to save the new parameter and return to the Digital Output 
menu.

Full Scale Frequency

[3: 1000 Hz]

S

This parameter establishes the full scale flow output frequency when the flow 
rate equals the configured full scale flow.

To change the Full Scale Frequency, follow these steps from the Inputs/Outputs 

Main Menu:

1. Select Digital Output 3 and press [E] to open the Digital Output menu.

2. From the Digital Output menu select Full Scale Frequency, and press 
[E] to open the Full Scale Frequency display.

3. Set the full scale frequency value to the desired setting.

4. Press [E] to save the new parameter and return to the Digital Output 
menu.
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Inputs/Outputs
Digital Output Select Function

[1: Forward Pulse]

[2: Reverse Pulse]

[3: Frequency Pulse]

[4: Error Alarm]

S

Digital Output lets you configure the functional operation of the associated 
output. The following operations are supported:

•	 Reverse Pulse – Generates pulses during reverse flow conditions

•	 Forward Pulse –  Generates pulses during forward flow conditions

•	 Frequency Output – Generates pulses correlated to the absolute value of 
the flow rate

•	 Preset Output –  Provides indication when preset batch amount has been 
realized

•	 Flow Set Point – Provides indication when flow rate exceeds thresholds 
defined by flow set points

•	 24 Vdc Supply – Provides constant 24 volts on output  
(forces output type to normally open)

•	 Error Alarm – Provides indication when meter has error condition. Error 
conditions include, empty pipe error, full scale flow error, and detector 
error

•	 Flow Direction – Provides indication on current flow direction  
(Inactive = Reverse or No Flow, Active = Forward)

•	 Empty Pipe Alarm – Provides indication when pipe is empty

To change the Function Select, follow these steps from the Inputs/Outputs 

Main Menu:

1. Select Digital Output 1, 2, 3 or 4 and press [E] to open the Digital  
Output  menu.

2. From the Digital Output menu choose Select Function, and press [E] 
to open the Select Function display.

3. Select the desired function.

4. Press [E] to save and return to the Digital Output menu.

Flow Simulation

[Off ]

S

Flow Simulation provides output simulation based on a percentage of the full scale flow. Simulation 
will not accumulate the totalizers. The range of simulation includes -100% to 100% of the full scale 
flow.

The Flow Simulation Parameter lets you set the range of simulation in 10% increments.

To change the Flow Simulation, follow these steps from the Inputs/Outputs menu:

1. Select Flow Simulation to view the Flow Simulation display.

2. Click [+] to increment the percentage by 10, or click [-] to decrement the percentage by 10. 

3. Press [E] to save the displayed setting and return to the Inputs/Outputs menu.
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Clear Totals
T1

S

The uni-directional totalizer is reset within the the menu manager or through remote communications. 
Clearing T1 also clears the associated rollover counter.

T2

U

The uni-directional totalizer is reset within the the menu manager, through remote communications or 
with properly-configured digital input (function = remote reset). Clearing T2 also clears the associated 
rollover counter.

T+

S

The bi-directional forward flow totalizer is reset within the the menu manager or through remote  
communications. Clearing T+ also clears the associated rollover counter.

T-

S

The bi-directional reverse flow totalizer is reset within the the menu manager or through remote  
communications. Clearing T- also clears the associated rollover counter.

Tn

S

The bi-directional net totalizer, when reset, clears both the forward and the reverse flow totalizers (T+ and 
T-). This is reset within the the menu manager or through remote communications. Clearing Tn also clears 
the associated rollover counter.

PS

S

The batch totalizer is reset to the configured preset amount value. It is reset within the menu manager, 
remote communications or through a properly-configured digital input (function = batch reset).

Tpwroff

S

The totalizer accumulating meter time without external power is reset with the menu manager or through 
remote communications.

Communication: Port Settings
Interface

[Modbus RTU]

S

The Interface parameter lets you configure how the RS232 communication port will be used. 

•	 Modbus RTU 

•	 Remote menu (RDI - Remote Display Interface)

•	 Disable port

The remote menu interface will check for display updates once a second. If a change is detected, the  
display contents will be transmitted in ASCII format over the RS232 communication port. The remote 
menu interface also allows for menu navigation and control of the meter as if using the external push 
buttons. Keyboard control characters such as <UP>,<DWN>, and <ENTER> are supported to navigate the 
menus.

To change the Interface follow these steps from the Port A Settings menu:

1. Select Interface to view the Interface display.

2. Select the desired interface. 

3. Press [E] to save and return to the Port A Settings menu.
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Communication: Port Settings
Port Address

[1]

S

This parameter establishes the Modbus RTU address. Modbus RTU requests will only be processed if the 
configured port address of the meter matches the request address found in the Modbus RTU packet. 
The range of addresses supported by Modbus RTU is 1-247. Modbus RTU request packets with an  
address of 0 imply the packet is to be treated as a broadcast packet. 

To change the port address, follow these steps from the Port A Settings menu:

1. Select Port Address to view the port address display.

2. Select the desired port address (1-247).

3. Press [E] to save the option and to return to the Port A Settings menu.

Baud Rate

[9600]

S

The following baud rates are supported

•	 9600

•	 19200

•	 38400

To change the baud rate, follow these steps from the Port A Settings menu:

1. Select Baud Rate to view the Baud Rate display.

2. Select one of the following baud rates: 9600, 19200 or 38400.

3. Press [E] to save the option and to return to the Port A Settings menu.

Parity

[Even]

S

The following parities are supported

•	 Even

•	 Odd

•	 None

To change the parity, follow these steps from the Port A Settings menu:

1. Select Parity to view the Parity display.

2. Select one of the following: None, Even or Odd.

3. Press [E] to save the option and to return to the Port A Settings menu.

Data Bits

[8 bits]

S

This parameter configures the port data bits. The following data bits are supported

•	 8 bits

•	 7 bits

•	 5 bits

To change the data bits, follow these steps from the Port A Settings menu:

1. Select Data Bits to view the Data Bits display.

2. Select one of the following: 8 Bits, 7 Bits or 5 Bits.

3. Press [E] to save the option and to return to the Port A Settings menu.
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CoCommunication: Port Settings
Stop Bits

[1 Stop Bit]

S

This parameter configures the port stop bits. The following stop bits are supported:

•	 1 Stop Bit

•	 2 Stop Bits

To change the stop bits, follow these steps from the Port A Settings menu:

1. Select Stop Bits to view the Stop Bits display.

2. Select one of the following: 1 Stop Bit, or 2 Stop Bits.

3. Press [E] to save the option and to return to the Port A Settings menu.

Communication: Diagnostics
Port Counters

[0]

S

Port counters are used for diagnostics when configured for Modbus RTU. These counters are only cleared 
on power up.

Counter Description

Pkts Processed Number of packets processed by meter.

Broadcast Pkts Number of broadcast packets (address = 0) processed by meter.

CRC Errors Number of received packets with CRC error; packet is discarded.

Pkts Rcvd Number of packets received with an address of the configured port address.

Pkts Sent Number of packets transmitted in response to a received packet.

Parity Errors Number of characters with parity errors (i.e., received character has a mismatch  
between the number of 1s and its parity bit); packet is discarded.

Framing Errors Number of characters with framing errors (i.e. missing stop bit is not found –  
indicates that synchronization with the start bit has been lost and that the character 
is improperly framed); packet is discarded.

Overrun Errors Number of characters received that were not processed due to degradation of  
system performance. 

Break Detects Number of detections that transmission line is locked (i.e., receive line is low for  
10-bit transmissions following a missing stop bit).
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Advanced
Unit Multiplier

[Off ]

U

This Unit Multiplier establishes the number of units of measure that have to accumulate before the 
display totalizers are updated. This is also known as setting the number of “dead” zeroes in the  
display totalizer. For example: 

Unit Multiplier less than 1

Unit Multiplier Example

OFF 0.00000 USG 0.00012 USG 0.00123 USG 0.01234 USG 0.12345 USG

0.0001 0.0000 USG 0.0001 USG 0.0012 USG 0.0123 USG 0.1234 USG

0.001 0.000 USG 0.000 USG 0.001 USG 0.012 USG 0.123 USG

0.01 0.00 USG 0.00 USG 0.00 USG 0.01 USG 0.12 USG

0.1 0.0 USG 0.0 USG 0.0 USG 0.0 USG 0.1 USG

Unit Multiplier greater than or equal to 1

Unit Multiplier Example

OFF 0.00000 USG 1.23456 USG 12.34567 USG 123.4567 USG 1234.456 USG

1 0 USG 1 USG 12 USG 123 USG 1234 USG

10 0 USG 0 USG 10 USG 120 USG 1230 USG

100 0 USG 0 USG 0 USG 100 USG 1200 USG

1000 0 USG 0 USG 0 USG 0 USG 1000 USG

To change the Unit Multiplier, follow these steps from the Advanced menu:

1. Select Unit Multiplier to view the Unit Multiplier display.

2. Select the desired unit multiplier.

3. Press [E] to save the option and to return to the Advanced menu. 

Backlight Control

[Timed Off ]

U

You can set the meter's backlight to: Always On, Always Off and Timed Off.

When set to Timed Off, the backlight will automatically turn off after one minute of inactivity  
(no buttons pressed). Pressing any button will turn the backlight on, but will not immediately  
navigate the menu.

To change the backlight control, follow these steps from the Advanced menu:

1. Select Backlight Control to view the Backlight Control display.

2. Select the desired option. 

3. Press [E] to save the option and to return to the Advanced menu. 
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Advanced
Analog Calibrate Custom Settings

[Zero Scale: 0 mA]

[Full Scale: 0 mA]

S

Scale/Full Scale offsets on site.

To set the analog calibration custom settings, follow these steps from the  
Advanced menu:

1. Select Analog Calibrate to view the Analog Calibrate menu.

2. Select Custom Settings to view the Custom Settings display.

3. Select one of the following: 

•	 Offset 4 mA

•	 Offset 20 mA

4. Configure desired offset. 

5. Press [E] to save the option and to return to the Custom Settings menu. 

6. Press [E] to return to the Analog Calibrate menu.

Factory Settings

[Factory Set]

S

To change the analog calibration factory settings, follow these steps from the 
Advanced menu:

1. Select Analog Calibrate to view the Analog Calibrate menu.

2. Select Factory Settings to view the Factory Settings display.

3. Select one of the following: 

•	 Calibration Point A

•	 Calibration Point B

4. Set the calibration point to the measured output current. 

5. Press [E] to save the option and to return to the Custom Settings menu.

6. Press [E] to return to the Analog Calibrate menu.

320

320



Page 434-11

Installation & Operation Manual

Advanced
Software Filter Description The software filter operates as an acceleration filter. This filter when configured 

properly allows for filtering of fast changes in fluid flow. Generally, this filter is used 
in applications having highly conductive fluids. This filter is intended to help provide 
smoothing of the analog output and display fluctuations.

Activation

[Off ]

A

This parameter setting enables or disables the software acceleration filter.

To change the Activation setting, follow these steps from the Advanced menu:

1. Select Activation from the Advanced menu.

2. Select the desired setting.

3. Press [E] to save the option and to return to the Advanced menu. 

Filter Delay

[1]

A

Filter Delay lets you set the amount of time that the flow will be held constant once 
the filter is activated. The filter is activated by an acceleration component of the fluid 
exceeding the configured limit.

To change the Filter Delay follow these steps from the Advanced menu:

1. Select Filter Delay, from the Advanced menu.

2. Select the desired setting.

3. Press [E] to save the option and to return to the Advanced menu.

Acceleration 

Factor

[1]

A

This parameter lets you set the maximum acceleration for a given pipe diameter and 
is dependent on the excitation frequency. The maximum fluid velocity is 12 m/s. The 
following equation defines the maximum fluid acceleration:  

Acceleration(MAX) = Acceleration Factor * 12 m/s * Pipe Area * Excitation  
Frequency / 1.5.

If the realized fluid acceleration exceeds the configured maximum acceleration, fluid 
flow will be held constant for the time set at the Filter Delay parameter.

To change the Acceleration Factor setting, follow these steps from the Advanced 

menu:

1. Select Acceleration Factor from the Advanced menu.

2. Select the desired setting.

3. Press [E] to save the option and to return to the Advanced menu. 
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Advanced
Software Filter Constant Flow

[150 M3/Sec2]

A

During normal flow conditions, there is always a non-zero acceleration component. 

For example, if acceleration of the flow activates the filter, the meter will assume 
constant flow for the duration of the filter delay time unless the flow returns within 
limits. 

Properly configured, this parameter will help offset excessive impacts of the filter  
delay. The Constant Flow parameter lets you set the acceleration limit for constant 
flow. 

To change the Constant Flow setting, follow these steps from the Advanced menu:

1. Select Constant Flow from the Advanced menu.

2. Select the desired setting.

3. Press [E] to save the option and to return to the Advanced menu.

Peak Detect

[0 M3/Sec2]

A

Peak Detect offers a diagnostic view of the acceleration components observed  
during flow conditions. This parameter records the “high water mark” of the  
measured accelerations component. This value will help to properly configure the 
Acceleration Factor parameter. Generally, you will set the acceleration factor at about 
75% of the Peak Detect measurement.

To reset the Peak Detect setting, follow these steps from the Advanced menu:

1. Select Peak Detect from the Advanced menu.

2. Press [+] to reset.

3. Press [E] to return to the Advanced menu.
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Advanced
Empty Pipe Cal.

[Default]

S

Fluid conductivity impacts the performance of empty pipe measurements. If you require empty pipe 
detection, you should perform this empty pipe calibration procedure. 

Before starting the empty pipe calibration, verify that empty pipe detection is enabled. Also, run both 
the empty pipe and the full pipe calibration procedures.

Calibrating an Empty Pipe

Before calibrating an empty pipe, verify that the pipe is empty.

To calibrate with an empty pipe, follow these steps from the Advanced menu:

1. Select Empty Pipe Cal to view the calibration menus.

2.  Select Cal. Empty Pipe to view the empty pipe calibration menu. 

3  Enable calibration by placing the cursor on the calibration enable line and press [E].

EMPTY PIPE CALIBRATE

 Volts = 3.00

> Cal [ON]     E=OFF

 Exit with Save

4.  Wait 30 seconds for voltage measurement to stabilize.

5.  Save setting by placing the cursor on Exit With Save menu line and press [E].

Calibrating a Full Pipe

Before calibrating a full pipe, verify that the pipe is full.

To calibrate with a full pipe, follow these steps from the Advanced menu:

1. Select Cal. Full Pipe to view the calibration menus.

2.  Select Cal. Full Pipe to view the full pipe calibration menu. 

3  Enable calibration by placing the cursor on the calibration enable line and press [E].

FULL PIPE CALIBRATE

 Volts = 1.515

> Cal [OFF]     E=ON

 Exit with Save

4.  Wait 30 seconds for voltage measurement to stabilize.

5.  Save setting by placing the cursor on Exit With Save menu line and press [E].
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Advanced
Security Set Admin PIN

[00000]

A

Users logged in with this PIN will have access to all M-2000 procedures.

To set the administrator's PIN, follow these steps from the Advanced Menu:

1. Select Security to view the Security menu.

2. Select Set Admin PIN to view the Admin PIN display.

3. Set the five-digit PIN number to the desired value.

4. Press [E] to save the PIN and to return to the Security menu.

Set Service PIN

[00000]

A

Users logged in with this PIN will have access to all service level and user-level  
procedures. Service users will not have access to administrative procedures.

To set the service PIN, follow these steps from the Advanced Menu:

1. Select Security to view the Security menu.

2. Select Set Service PIN to view the Service PIN display.

3. Set the five-digit PIN number to the desired value.

4. Press [E] to save the PIN and to return to the Security menu.

Set User PIN

[00000]

A

Users logged in with this PIN will have access to user-level procedures. User at this level 
will not have access to administrative or service procedures. 

To set the user's PIN, follow these steps from the Advanced Menu:

1. Select Security to view the Security menu.

2. Select Set User PIN to view the User PIN display.

3. Set the five-digit PIN number to the desired value.

4. Press [E] to save the PIN and to return to the Security menu.
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Info/Help
Error Counts

[0]

U

Description This menu provides a diagnostic view of the meter’s performance. Below are several 
system diagnostic counters and their definitions. Use discretion when interpreting 
these counters. These values could be altered during system setup or when using 
the verification device. We suggest that you reset these counters before you start 
monitoring your system and look for conditions possibly affecting performance.

Detector The number of times an invalid detector condition has been observed.

Empty Pipe The number of times an empty pipe condition has been observed by the meter.

Full Scale The number of times the flow has exceeded the full scale flow setting.

Totalizer The number of times the totalizers have exceeded limits of the meter.

Pulse Sync. The number of times the pulse outputs have fallen out of synchronization.

ADC Interrupt The number of times an analog input measurement has been missed.

ADC Range The number of times the analog input measurement range has been exceeded.

System Error A diagnostic system message indicating the reason for a system reset.

System Resets The number of times the meter has been reset.

System Reset ID Diagnostic information about a system reset as a result of expired internal timers.
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Info/Help
Rollover Counts

[0]

U

The number of times the totalizers have rolled over 9,999,999,999 (10 billion). 

As the meter rolls over, a status indicator appears in the display. When this occurs, we suggest that 
you record the totalizers and rollover counter and reset the totalizers. Resetting totalizers will also 
clear the rollover counter. 

For a meter configured in bidirectional mode, rollover is represented by the net totalizer (TN) as 
“*********”.  During this condition, the net totalizer (TN) can be calculated using the following  
equation:

T(FWD) = [(ROLLOVER
T+

 x 10,000,000,000) + T+]  

T(REV) = [(ROLLOVER
T- 

x 10,000,000,000) + T-]

TN =T(FWD) - T(REV)

Where ROLLOVER
Tx

 is the rollover count for the appropriate totalizer

For a meter configured in unidirectional mode, the totalizer can be calculated using the following 
equation:

T1 = [(ROLLOVER
T1

 x 10,000,000,000) + T1] 

T2 = [(ROLLOVER
T2

 x 10,000,000,000) + T2]

Where ROLLOVER
Tx

 is the rollover count for the appropriate totalizer

PowerUp Counter

[Not applicable]

U

The number of times that the unit has been powered on.

Power Off Time

[Not applicable]

U

The length of time that the unit has been without power.

Version Info

[Not applicable]

U

The current software version.

Serial Number

[Not applicable]

U

The manufacturing serial number in the format YYMM####.

Where YYMM indicates year and month of manufacturing and #### indicates the sequence  
number.
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Info/Help
Restore Defaults

[Not applicable]

A

Restores all non-calibrated parameters to the factory defaults.

Restore Calibration

[Not applicable]

A

Restores the meter calibration as set at the factory.

Language Select
Language Select

[English]

U

The M-2000 supports one alternate language along with English. This alternate language choice is 
set at the factory. The options are: Spanish, German, Czech or French.

To select the language, follow these steps from the Language Select menu:

1. Press [↑] or [↓] to position the arrow/pointer next to either English or the Alternate  

Language.

2. Press [E] to save the selection.
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Maintenance

Mandatory, routine or scheduled maintenance should not be required for the Badger M-2000 Mag Meter electronics or flow 
tube after proper installation. 

However, some occurrences may require personnel to perform the following:

•	 Flow tube and electrode cleaning

•	 Fuse replacement

•	 Circuit board replacement

  

These maintenance procedures are discussed in this section.

Disconnect main power to the unit before attempting any device maintenance or cleaning.

Do not clean components inside the amplifier or junction box.

Cleaning the Flow Tube and Electrode

At times flow tube, electrodes, amplifier/junction box housings and the amplifier window may need periodic cleaning,  
depending on process fluid properties, fluid flow rate and surrounding environment.

Clean the flow tube and electrodes by following the material handling and cleaning procedures documented in Material 
Safety Data Sheet (MSDS) guidelines for the product(s) that were in contact with the flow tube and electrodes.

Should flow tube and/or electrode cleaning become necessary:

1. Disconnect detector from pipeline. 

2. Clean electrodes according to MSDS guidelines. 

3. Reconnect detector to pipeline.

Replacing the Fuse

Disconnect main power to the unit before attempting any device maintenance.

Risk of electrical shock. Replace the fuse only with 250 VAC, 2 amp, slow blow (5 x 20 mm).

Authorized personnel must replace fuses.
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Troubleshooting

The M-2000 mag meter is designed for many years of optimal performance. However, should it malfunction, there are certain 
things that we recommend you check before contacting our Technical Support department or your local Badger Meter  
Representative. 

Note: If the fluid measured has a high concentration of conductive solids, deposits may accumulate on the 

internal liner walls and electrodes. These deposits will cause a reduction of the measuring output. Thus, Badger 

Meter recommends that you remove the meter and inspect the liner and electrodes after six months. If deposits 

are found, remove them with a soft brush. Repeat inspection process every six months or until an appropriate 

inspection cycle can be established for the specific application. 

Other general conditions include:

Description Possible Cause Recommended Action

Flow is present but display 
is "0"

Digital input is holding low.
Disconnected signal cable. 
Detector mounted opposite of the main 
low direction (see arrow on the nameplate).
Coil or electrode cables exchanged.
Improper low low cutof or full scale low.

Check signal cable.
Turn detector by 180° or switch terminal E1 and E2 or
reprogram to bidirectional mode.
Check cable connections for cross wiring.
Verify digital input coniguration.
Replace coniguration defaults.

Inaccurate measuring Improper calibration.
Wrong calibration parameter.
Pipe not fully illed, or air in pipe.
Invalid luid conductivity.
Invalid luid mixture.

Restore calibration defaults.
Check the parameters (detector factor and size) 
according to supplied data sheet.
Check if meter is completely illed with luid.
Purge line to eliminate air bubbles.

No display No power.
Incorrect power.
Bad wiring connections.
Blown fuse.

Apply power.
Check power value.
Replace fuse. (2 amp, 250 VAC, slow blow (5 x 20 mm)
Check display ribbon cable. 

Flow rate value known to be 
wrong 

Detector factor.
Deposits on electrodes and/or liner.
Incorrect pipe size programmed.

Check value on label.
Check and remove deposits.
Check size if necessary.

Flow rate indication  
unstable

Cable issue.
Grounding issue.
Partially full pipe.
Air in pipe.
Ampliier location - outside electrical.
Invalid luid conductivity.

Make sure cable is shielded and not vibrating.
Make sure meter is properly grounded to a good earth 
ground.
Make sure pipe is full of luid.
Make sure luid does not contain air bubbles.
Make sure ampliier is not too close to sources of   
interference. Electrical interference.
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Menu Manager Coniguration Errors

Error Description Recommended Action

110 Output 1/2:  Pulse Output  
Coniguration Error

This error is observed when improperly coniguring the full scale low, pulse per unit, or pulse width.

This error can indicate the following coniguration violations:
1. Pulse frequency exceeds limits at full scale low
2. Pulse duty cycle is less than 50% at full scale low (pulse on time > pulse of time)

Pulse frequency limit is 10 kHz. However, with a non-zero pulse width coniguration, the limit is 500 
Hz to achieve a 50% pulse duty cycle.

If not using the pulse outputs, set the pulses per unit to zero to allow for reconiguration of the full 
scale low. If it is required to use the pulse outputs, reevaluate the pulse output coniguration.  
Consider recording and clearing totalizers prior to changing totalizer units.

120 Display: Totalizer Conversion  
Error – Totalizer cannot be properly 
converted for display

This error is observed while trying to change the totalizer units. Limits of display will prevent  
improper coniguration of the volume unit dependent on current totalizer values. Consider  
recording and cleaning totalizers prior to changing totalizer.

121 Output 1/2: Pulse Output  
Coniguration Error

This error is observed when changing the totalizer units of measure. This error implies the pulse 
coniguration exceeds limits (see error 110). Please note the pulses per unit is not automatically 
updated on volume unit reconiguration. The pulses per unit should be manually changed to 
accommodate the desired units of measure.  It may be necessary to set the pulses per unit to zero 
then change to the desired totalizer units.

140 Output 3: Coniguration Error – Full 
scale frequency exceeds limits of 
relay (1000 Hz)

Reduce full scale frequency setting of output when hardware is conigured for relay operation.

150 Output 3: Coniguration Error – Full 
scale frequency exceeds limits (10 
kHz)

Reduce full scale frequency setting of output when hardware is conigured for open collector  
operation.

Display Error / Status Messages

Error Message Possible Cause Recommended Action

Err: Detector No detector connection with ampliier. Check detector and cable connections in accordance with this manual.

Connection between ampliier and detector Contact Technical Support.

Supply voltage too low. Contact Technical Support.

Grounded coils in meter. Contact Technical Support.

Water in detector. Contact Technical Support.

Err: Empty pipe Pipe may not be full. Make sure all trapped air is out of system.
If luid or luid conductivity recalibrate the parameter.

Err: Full scale Actual low rate is exceeding programmed low. Reduce low rate or increase the programmed full scale value by more than 5%.

Err: AD-Range AD-Converter is exceeding signal limits. Check the grounding scheme of the meter installation. See grounding section in 
this manual. Verify pipe is not empty.

Err: AD-INT Initialization of AD-Converter unsuccessful. Contact Technical Support.

Err: Rollover Rollover counters have exceeded limit. Clear all totalizers.

Err: Rollover Status Totalizer rollover has occurred. Reload totalizer then clear all totalizers.

Err: Simulation I/O simulator is enabled. Disable simulator in I/O menu.
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Appendix: Detector Speciications

Meter with M-2000  ampliier Meter with junction box for remote M-2000 ampliier

Size A B C D
Est. Weight 

with M-2000

Flow Range

LPM GPM
inch mm inch mm inch mm inch mm inch mm lbs kg min max min max
1/4 6 6.7 170 14.0 356 3.5 89 11.4 288 10 4.5 0.063 20 0.02 5
5/16 8 6.7 170 14.0 356 3.5 89 11.4 288 10 4.5 0.114 34 0.03 9
3/8 10 6.7 170 14.0 356 3.5 89 11.4 288 10 4.5 0.177 53 0.05 14
1/2 15 6.7 170 14.0 356 3.5 89 11.4 288 10 4.5 0.416 125 0.11 33
3/4 20 6.7 170 14.2 361 3.9 99 11.5 293 13 5.5 0.75 225 0.2 59
1 25 8.9 225 14.4 366 4.3 108 11.7 298 18 8.0 1.20 350 0.3 93
1 1/4 32 8.9 225 15.2 386 4.6 117 12.5 318 20 9.0 2.00 575 0.5 152
1 1/2 40 8.9 225 15.4 390 5.0 127 12.7 322 21 9.5 3.00 900 0.8 239
2 50 8.9 225 15.9 403 6.0 152 13.2 335 26 11.5 4.70 1400 1 373
2 1/2 65 11.0 280 17.1 434 7.0 178 14.4 366 52 23.5 8 2400 2 631
3 80 11.0 280 17.3 440 7.5 191 14.7 372 54 24.5 12 3600 3 956
4 100 11.0 280 18.4 466 9.0 229 15.7 398 56 25.5 19 5600 5 1493
5 125 15.8 400 19.6 498 10.0 254 16.9 430 58 26.0 30 8800 8 2334
6 150 15.8 400 20.6 524 11.0 279 17.9 456 60 27.0 40 12700 11 3361
8 200 15.8 400 22.5 572 13.5 343 20.4 518 86 39.0 75 22600 20 5975
10 250 19.7 500 26.8 681 16.0 406 24.1 613 178 81.0 120 35300 30 9336
12 300 19.7 500 28.9 734 19.0 483 26.2 666 207 94.0 170 50800 45 13444
14 350 19.7 500 30.8 782 21.0 533 28.2 716 258 117 230 69200 60 18299
16 400 23.6 590 33.7 856 23.5 597 31.0 788 306 139 300 90400 80 23901
18 450 23.6 590 35.0 890 25.0 635 32.4 822 400 181 380 114000 100 30250
20 500 23.6 590 38.2 969 27.5 699 35.5 901 493 224 470 140000 125 37346
22 550 23.6 590 39.6 1005 29.5 749 36.9 937 523 237 570 170000 150 45188
24 600 23.6 590 42.2 1071 32.0 813 39.5 1003 552 251 680 200000 180 53778
28 700 23.6 590 46.2 1173 36.5 927 44.0 1118 648 294 920 275000 240 73100
30 750 31.5 800 48.3 1228 39.0 984 45.7 1161 702 319 1060 315000 280 84000
32 800 31.5 800 52.2 1325 41.4 1015 49.5 1257 768 349 1200 361000 320 95600
36 900 31.5 800 55.3 1405 46.0 1168 54.1 1374 848 385 1500 457000 400 121000
40 1000 31.5 800 60.0 1525 50.2 1230 57.4 1457 922 419 1900 565000 500 149300
42 1050 36.0 914 66.0 1675 53.0 1346 63.4 1610 1198 499 2100 620000 550 164600
48 1200 39.4 1000 69.9 1775 59.4 1455 67.2 1707 1208 549 2700 814000 720 215100
54 1400 39.4 1000 78.5 1995 68.4 1675 75.9 1927 1362 619 3700 1100000 980 292700

Flow Range: 0.1 - 39.4 fps (0.03-12 m/s)
Sizes: 1/4 inch to 54 inches (6 mm to 1400 mm)
Min. Conductivity:  ≥ 5 micromhos/cm
Accuracy:
± 0.25 percent of rate for velocities greater than  
1.64 ft/s (0.50 m/s)
± 0.004 ft/s (± 0.001 m/s) for velocities less than  
1.64 ft/s (0.50 m/s) 
Electrode Materials: Standard: Alloy C
Optional: 316 stainless steel, gold/platinum plated, 
tantalum, platinum/rhodium
Liner Material: PFA up to 3/8 inch, PTFE 1/2 inch to 
24 inches, Soft and Hard Rubber from 1 to 54 inches, 
Halar® from 14 to 40 inches
NSF Listed: Models with hard rubber liner 4-inch 
size and up; PTFE liner - All sizes. 

Fluid Temperature: 
With Remote Ampliier: 
 PFA, PTFE & Halar 311°F (155°C)
 Rubber 178°F, (80°C) 
With Meter Mounted Ampliier: 
 PFA, PTFE & Halar 212°F (100°C)
 Rubber 178°F, (80°C)
Pressure Limits:
Maximum allowable non-shock pressure and temperature 
ratings for steel pipe langes, according to American 
National Standard ANSI B16.5. (Example: 150-pound 
langes, rated 285 PSI at ambient temperature.) (Example: 
300-pound lange rated 740 PSI at ambient temperature.)
Coil Power: Pulsed DC 
Ambient Temperature: -4°F to 140°F (-20°C to 60°C)

Pipe Spool Material: 316 stainless steel
Meter Housing Material: Carbon steel welded
Flanges: Carbon steel - Standard (ANSI B16.5 Class 150 RF) 
316 stainless steel - Optional
Meter Enclosure Classiication: NEMA 4X (IP66)
Optional: Submersible NEMA 6P (remote ampliier 
required)
Junction Box Enclosure Protection:
(for remote ampliier option) Powder coated die-cast 
aluminum, NEMA 4 (IP65)
Cable Entries: 1/2-inch NPT Cord Grip
Optional Stainless Steel Grounding Rings: 
Meter Size  Thickness (of one ring)
up through 10 inches .135 inch
12 to 20 inches .187 inch
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Model M-2000 Mag Meter

Appendix: Ampliier Speciications

7.1"

(180 mm)

1.3"

(34 mm)

7.1"

(180 mm)

11"

(280 mm)

1.1"

(27 mm)

1.9"

(47 mm)

3.3" (83 mm)
0.2"

(6 mm)

1.9"

(47 mm)

0.2" (5.5 mm)

2.6"

(65 mm)

2.4" (60 mm)

Power Supply: 
AC supply (85-265 VAC) 
Typical power: 20 VA or 15 Watts
Max. power: 26 VA or 20 Watts
Optional DC supply (10-36 VDC)
Typical power: 10 Watts
Max. power: 14 Watts

Accuracy:  ± 0.25 percent of rate for velocities greater than  
            1.64 ft/s (0.50 m/s)

± 0.004 ft/s (± 0.001 m/s) for velocities less than 
1.64 ft/s (0.50 m/s)

Repeatability: ± 0.1 percent

Flow Range: 0.10 to 39.4 ft/s (0.03 to 12 m/s)

Fluid Conductivity: Minimum 5.0 micromhos/cm

Flow Direction: Unidirectional or bidirectional two separate  

totalizers (programmable)

Totalization: Programmable/resettable 
Unidirectional: T1, T2 

Bidirectional: T+ (Fwd), T- (Rev), Tn (Net)
Minimum Fluid Conductivity: 5.0 micromhos/cm
Processing: 32-bit DSP

Analog Output: 4-20 mA, 0-20 mA, 0-10 mA, 2-10 mA 
(programmable and scalable)  
Voltage sourced 24 VDC – isolated 
Maximum loop resistance < 800 ohms

Digital Outputs: Four total, conigurable
  24 VDC sourcing active output (up to two),100 mA total, 
  50 mA each; sinking open collector output (up to four), 
  30  VDC Max, 100 mA each; AC solid-state relay 
  (up to two), 48 VAC, 500 mA max.

Pulse Outputs: Scalable up to 10 kHz, passive open collector 
up to 10 kHz, active switched 24 VDC. Up to two outputs 
(forward and reverse). Pulse width programmable from 
1-1,000 ms or 50 percent duty cycle.

Frequency Output: Scalable up to 10 kHz, open collector up to  
1 kHz, solid-state relay

Misc Outputs: High/low low alarm (0-100 percent of low), error 
alarm, empty pipe alarm, low direction, preset batch alarm, 24 
VDC supply

Noise Dampening: Programmable 0-30 seconds.

Empty Pipe Detection: Field tunable for optimum performance based 
on speciic application

Excitation Frequency: 1 Hz, 3.75 Hz, 7.5 Hz or 15 Hz 
(factory optimized to pipe diameter)

Digital Input: Max. 30 VDC (programmable – positive zero return, 
external totalizer reset or preset batch start)

Units of Measure: Ounces, pounds, liters, US gallon, imperial gallon, 
barrel, hectoliter, megagallon, cubic meters, cubic feet, acre feet 

Galvanic Separation: 250 volts

Low-low-cutof: Programmable 0-10 percent of max. low

LCD Display: 4 x 20 character display with backlight

Programming: Three-button, external manual or remotely

Housing: Cast aluminum, powder-coated paint

Housing Rating: NEMA 4X (IP66)

Mounting: Meter mount or remote wall mount (bracket supplied)

Cable Connection: 1/2-inch NPT Cord Grip (three)

Ambient Temperature: -4 to 140° F (-20 to 60° C)

Serial Communication: RS232 – Modbus RTU or remote display

Logging: Power loss totalization

Relative Humidity: Up to 90 percent non-condensing

Locations: Indoor and outdoor
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Installation & Operation Manual
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M-Series is a registered trademark of Badger Meter, Inc.

Other trademarks appearing in this document are the property of their respective entities.

Copyright 2011, Badger Meter, Inc. All rights reserved. 

Due to continuous research, product improvements and 
enhancements, Badger Meter reserves the right to change 
product or system speciications without notice, except to the 
extent an outstanding contractual obligation exists.

Badger Meter | P.O. Box 245036, Milwaukee, Wisconsin 53224-9536 
800-876-3837 | infocentral@badgermeter.com | www.badgermeter.com
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 6. DISSOLVED AIR FLOTATION (DAF) SYSTEM  
 
     K. CONSTRUCTION MATERIALS 
 
a. Polypropylene 
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�
Typical Properties of Polypropylene 

 

General Properties English Units SI Units 
CAS Number 9003-07-0 9003-07-0 
Density 11.5 – 11.8 lbs/in3 0.898-0.920 g/cm3 
Melt Density 9.5 lbs/in3 0.739 g/cm3 
Bulk Density   
   Pellets 31 – 43 lbs/ft3 497 - 529 kg/m3 
   Flake 30 – 32 lbs/ft3 481 – 513 kg/m3 
Permeability Coefficients:   
   Water (@25°C) 6.0x10-9 in2/sec2-atm 5.1x10-10cm2/(sec-cm Hg) 
   Oxygen (@ 30°C) 2.7x10-9 in2/sec2-atm 2.3x10-10cm2/(sec-cm Hg) 
   Carbon Dioxide (@30°C) 10.8x10-9 in2/sec2-atm 3.5x10-10cm2/(sec-cm Hg) 
   Hydrogen (@ 20°C) 48.3x10-9 in2/sec2-atm 41.0x10-10cm2/(sec-cm Hg) 
   Nitrogen (@30°C) 0.52x10-9 in2/sec2-atm 0.27x10-10cm2/(sec-cm Hg) 
Water Absorption @24 h Immersion 0.03% 0.03% 
Mechanical Properties   
Modulus of Elasticity (Young’s Modulus)   
   Homopolymer 183,000 psi 1,300 MPa 
   Copolymer 155,000 psi 1,100 MPa 
Poisson’s Ratio 0.45 0.45 
Hardness, Shore D Scale 55 – 65 55 – 65 
Coefficient of Friction 0.3 0.3 
Thermal Properties   
DSC Melting Point    
   Homopolymer 320 - 329 °F 160 - 165 °C 
   Copolymer 275 – 318 °F 135 – 159 °C 
Specific Heat (@ 23°C)  70 -80 J/°K/mol 
Heat of Fusion 37.8 Btu/lb 88 kJ/kg 
Thermal conductivity (solid)   
   Homopolymer 0.7 (Btu in.)/(ft.2 hr °F)  0.1 W/m °K 
   Copolymer 0.12 – 0.17  (Btu 

in.)/(ft.2 hr °F) 
0.8 – 1.2 W /m /°K 

Thermal conductivity (melt)  0.16 W/m /°K  
Vicat Softening Temperature   
   Homopolymer 305 °F 152 °C 
   Copolymer 289 – 304 °F 143 – 151 °C 
Coefficient of Linear Thermal 
Expansion 

  

   Homopolymer 4 - 6 x 10-5 in/(in °F) 8 - 10 x 10-5 cm/(cm °C) 
   Copolymer 3 - 5 x 10-5 in/(in °F) 6 - 9 x 10-5 cm/(cm °C) 
Shrinkage   
   Homopolymer 1.8 – 2.0 % 1.8 – 2.0 % 
   Copolymer 1.5 – 1.9 % 1.5 – 1.9 % 
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Product inquiries: 

 

Marina View Headquarters 
2600 South Shore Blvd. 
League City, Teas 77573 
Telephone: 281-535-6600 
Fax: 281-535-6764 
Customer Service: 800-527-5419 

 
Battleground Manufacturing 
Complex 
1230 Battleground Road 
La Porte, Texas 77571 
Telephone: 713-307-3000 
Fax: 713-307-3521 
Technical Center: 800-338-0489 

 
www.innovene.com 

 

www.innovene.com/orders 

 

www.innovene.com/technicalservice 
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�
Typical Properties of Polypropylene 

 

 

Flammability Properties English Units SI Units 
Auto-ignition Temperature >650 °F         >340 °C 
Energy Required for Ignition  >2,500 kJ/m2 
Ignition Temperature – Cloud 790 °F 420 ° C 
Minimum Radiant Flux for Ignition  20 kW/m2 
Smoke Specific Extension Area 1,855 – 3,320 ft2/lb. 380 – 610 m2/kg 
Soot Yield 0.06–0.09 lbs. soot/lb 0.06–0.09 lbs. soot/kg  
Electrical Properties   
Volume Resistivity  >1016 Ohm-cm 
Conductivity  1 – 3 mhos/cm 
Dielectric Constant @ 1MHz 2.1 – 2.3  2.1 – 2.3  
Dielectric Strength 500 – 600 Volts/mil 0.23 – 0.25 V/cm 
Power Factor   300 Hz 
Dissipation Factor   
   @ 10 kHz <0.0005 h <0.0005 h 
   @ 1 MHz <0.0005 h <0.0005 h 
   @ 1 GHz <0.0005 – 0.002 h <0.0005 – 0.002 h 
Arc Resistance 136 – 185 s 136 – 185 s 

 
 
 
 

Data gathered from numerous literature sources over a number of years and is 
presented as obtained with no guarantees as to the accuracy of the data.  Unless 
otherwise noted, all properties are those of the bulk material at ambient room 
temperature. 
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b. PVC SCH80 
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MATERIAL SAFETY DATA SHEET

Product Designation: Protec CPP (Copolymer Polypropylene) 
   Protec HPP (Homopolymer Polypropylene)

Section 1 
Manufacturer’s Name Compression Polymers Corp.
Address   801 Corey Street  Phone    570-346-8797
City, State, Zip  Moosic, PA 18507   FAX   570-346-5080 

Date Prepared  December, 2004

Section 2 - Hazardous Ingredients/Identity 
This product has not been evaluated as a whole.  However, some fumes may be released upon heating and the user 
must take the necessary precautions (ventilation, personal protective equipment, etc.) to protect employees from 
exposure (see Section 7 - Special Precautions) 

Hazardous Component(s)  OSHA   ACGIH   Other Exp.  CAS  
chemical/common names  PEL  PEL  Limits  %  Number
Polypropylene Plastics  N/L  N/L  N/L  100 9003-07-0 

This material is NOT HAZARDOUS by OSHA Communication definition. 

Section 3 - Physical and Chemical Characteristics 
Boiling Point NA  Specific Gravity  ~.90  Vapor Pressure NA
    (H2O = 1)    (mm Hg) 

Percent Volatility   NA  Vapor Density  Solid  Evaporation Rate   NA 
Volume (%)   (Air = 1) 

Solubility Insoluble    Reactivity  None Known 
in Water       in Water 

Appearance and Odor White/translucent plastic pellets

Melting Point  320�F (160�C)

This Material Safety Data Sheet and the information it contains are offered to you in good faith as accurate.  We believe the information it contains to be correct but cannot guarantee its accuracy 
or completeness.  It is the user’s obligation to evaluate and use this product safely and to comply with all applicable laws and regulations.  No statement made in this data sheet shall be construed 
as a permission or recommendation for the use of any product in a manner that might infringe existing patents.  No warranty is made, either expressed or implied
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           Page 2 of 3
Section 4 - Fire and Explosion Data 
Flash Point >500F Flammable Limits Lower  Upper 
      in Air % by Volume NA  NA 

Auto-Ignition >735 F Extinguisher Media Dry chemical preferred, water fog, foam, CO2
Temperature 

Special Fire  A fine spray of fog or water will reduce intensity of flame.  Keep exposed product
Fighting Procedures cool to prevent melting or dripping.  Do not use a solid stream of water, this could 
   spread fire.  Self-contained breathing apparatus should be worn to prevent 
   inhalation of smoke and decomposition products

Unusual Fire and   None Known
Explosion Hazards 

Section 5 - Physical Hazards 
Stability         Unstable     Conditions NA
         Stable    to Avoid 

Incompatibility  None Known
(Materials to Avoid) 

Hazardous   Oxides of carbon, water vapor, trace low molecular weight oligmers. May include 
Decomposition Products trace amounts of acrolein, formaldehyde, aldehydes and other organic vapors.

Hazardous   May Occur  Conditions NA
Polymerization  Will Not Occur  to Avoid 

Section 6 - Health Hazards 
Signs and Symptoms Acute   None Known Chronic  None Known
of Exposure  Overexposure   Overexposure 

Medical Conditions Generally None Known
Aggravated by Exposure  

Chemical Listed as National  Yes     IARC  Yes    OSHA Yes   
Carcinogen or Potential Toxicology      Monographs 
Carcinogen  Program  No     No       No     

This Material Safety Data Sheet and the information it contains are offered to you in good faith as accurate.  We believe the information it contains to be correct but cannot guarantee its accuracy 
or completeness.  It is the user’s obligation to evaluate and use this product safely and to comply with all applicable laws and regulations.  No statement made in this data sheet shall be construed 
as a permission or recommendation for the use of any product in a manner that might infringe existing patents.  No warranty is made, either expressed or implied

340

340



          Page 3 of 3 
Section 6 - Health Hazards (continued) 

Emergency and First Aid Procedures 
1. Inhalation - Remove person to fresh air and consult physician if respiratory irritation occurs 
2. Eyes - Flush with water and consult physician
3. Skin - Treat contact with molten product as for ordinary burn
4. Ingestion - Consult physician

Section 7 - Special Precautions and Spill/Leak Procedures 
Precautions to be Taken  Do not store near flame or heat source
in Handling and Storage  

Other Precautions  Fumes may be released upon heating.  Mechanical ventilation and/or an 
   approved respiratory protection program may be required.   

Steps to be Taken in Case  Sweep, shovel, or vacuum material into clean containers.
Material is Released or Spilled 

Waste Disposal Methods  Dispose of in accordance with all local, State, and Federal regulations. 

Section 8 - Special Protection Information/Control Measures 
Respiratory Protection Not ordinarily required
(Specify Type) 

Ventilation Local Exhaust  Mechanical  Special  Other 
     (General) 

Protective Not ordinarily required  Eye   Safety Glasses
Gloves      Protection 

Protective Protective clothing should be worn to prevent burns from molten product
Clothing or Equipment if exposure is likely. 

Work/Hygienic Practices No special practices ordinarily required. 

This Material Safety Data Sheet and the information it contains are offered to you in good faith as accurate.  We believe the information it contains to be correct but cannot guarantee its accuracy 
or completeness.  It is the user’s obligation to evaluate and use this product safely and to comply with all applicable laws and regulations.  No statement made in this data sheet shall be construed 
as a permission or recommendation for the use of any product in a manner that might infringe existing patents.  No warranty is made, either expressed or implied.
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PVC & CPVC TRUE UNION BALL VALVES
(Regular Style)

TU-2-0205

Multi-Featured Industrial Valve
The unique design features of this quarter-turn 
shut off valve make it one of the most specifi ed 
ball valves for industrial and chemical processing 
applications.  Available in IPS sizes 1/2" through 
4" with choice of socket, threaded or fl anged end 
connectors, and 6" (venturied 4" valve) with choice 
of either socket or fl anged end connectors.  Also 
available in metric socket sizes 20mm through 
110mm, and 1/2" through 4" BSP threads.

Heavy Bodied PVC or CPVC Construction
Spears® True Union Ball Valves never rust, scale, or pit, providing exceptional 
chemical and corrosion resistence. 
Buttress Threaded Double Union Nuts
Strong Buttress type threads on union nuts and seal carriers allow higher 
pressure handling capability and quick in-line installation and servicing.

Safe-T-Blocked® Carrier
Stops fl ow in either direction, allowing safe removal of the downstream union 
nut for system service or modifi cation.

PTFE Ball Seats
Spears® PTFE fl oating seat design reduces seat wear for extended valve life, 
smooth operation, and bubble-tight shut-off.  100% factory tested.

EPDM or Viton® O-ring Options
Choice of high grade, abrasion resistent EPDM or Viton® elastomer  O-rings 
allows application specifi c selection for optimum chemical resistance.

High Impact Polypropylene Handle
Features double stop engagement and exhibits excellent resisitance to most 
chemical environments.

Safe-T-Shear® Stem
Developed to help prevent line fl uids from leaking out in the event of ball 
valve stem damage.  Engineered for high strength, the stem incorporates a 
special shear point to control accidental breakage.  Over torquing breaks 
occur above the stem O-ring leaving the seal intact until repair or replacement 
can be made.

Sample Engineering Specifi cation
All thermoplastic ball valves shall be True Union type constructed 
from PVC Type I, ASTM D 1784 Cell Classifi cation 12454 or 
CPVC Type IV, ASTM D 1784 Cell Classifi cation 23447. All O-
rings shall be EPDM or Viton®. All valves shall have Safe-T-Shear® 
stem and double stop Polypropylene handle. All valve union nuts 
shall have Buttress threads. All seal carriers shall be Safe-T-
Blocked®. All valve components shall be replaceable. All 1/2" - 2" 
valves shall be pressure rated at 235 psi and all 2-1/2" - 6" and all 
fl anged valves shall be pressure rated at 150 psi for water at 73°F, 
as manufactured by Spears® Manufacturing Company.

For additional information, please refer to Spears® THERMOPLASTIC 
VALVES & ACCESSORIES PRODUCT GUIDE & ENGINEERING 
SPECIFICATIONS V-4 and THERMOPLASTIC VALVES & ACCESSORIES 
Price Schedules V-1.

PROGRESSIVE PRODUCTS FROM SPEARS® INNOVATION & TECHNOLOGY
Visit our web site: www.spearsmfg.com

Full Schedule 80 Bore
In full open position, full bore virtually eliminates pressure drop, providing 
optimum fl ow.

Full 235 psi Pressure Rating
Maximum Internal Pressure at 73°F for the most demanding applications of 
1/2" - 2" valves, 150 psi for 2-1/2" - 6" and all fl anged valves.

Suitable For Vacuum Service
Spears® True Union Ball Valves are tested at 26 in. Hg vacuum for one hour 
with less than 1 in. Hg loss.

NSF Listed for Potable Water
All True Union Ball Valves are NSF Certifi ed for potable water use.

Fully Repairable
Convenient Seat & O-ring Replacement Kits, or Full Cartridge Replacement 
Kits for easy ordering, servicing and extended valve life.

Easy Field Actuation, or Custom Factory
Actuation Available
Easily actuated in the fi eld using optional mounting kits listed below. 
Spears® in-house actuation program can quickly fi t mechanical actuation to 
specifi c application needs.

Optional Accessories
• Round Safety Handle
• Stem Extension Kit
• Multi-Mount Valve Mounting Brackets
• Complete Multi-Mount Actuation Mounting Kit
• Mini-Mount Actuation Mounting Kit
• 2” Square/T-Style Operator Nut

Viton® is a Registered Trademark of Dupont Dow Elastomers.
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NOT FOR USE WITH COMPRESSED AIR OR GASES

© Copyright 2006 Spears® Manufacturing Company.  All Rights Reserved. Printed in the United States of America 10/06.        TU-2-0205

System Operating
Temperature °F (°C)

100
(38)

110
(43)

120
(49)

130
(54)

140
(60)

150
(66)

160
(71)

170
(77)

180
(82)

190
(88)

200
(93)

210
(99)

Valve
Pressure

Rating
psi (Mpa)

1/2” - 2”
PVC 235

(1.62)
211

(1.45)
150

(1.03)
75

(.52)
50

(.34)
-0-

(-0-)
-0-

(-0-)
-0-

(-0-)
-0-

(-0-)
-0-

(-0-)
-0-

(-0-)
-0-

(-0-)

CPVC 235
(1.62)

219
(1.51)

170
(1.17)

145
(1.00)

130
(.90)

110
(.76)

90
(.62)

80
(.55)

70
(.48)

60
(.41)

50
(.34)

-0-
(-0-)

2-1/2” - 6”
PVC 150

(1.03)
135
(.93)

110
(.76)

75
(.52)

50
(.34)

-0-
(-0-)

-0-
(-0-)

-0-
(-0-)

-0-
(-0-)

-0-
(-0-)

-0-
(-0-)

-0-
(-0-)

CPVC 150
(1.03)

140
(.97)

130
(.90)

120
(.83)

110
(.75)

100
(.70)

90
(.62)

80
(.55)

70
(.48)

60
(.41)

50
(.34)

-0-
(-0-)

Note:  All fl anged valves are rated at 150 psi @73°F

1: Valve Lay Lengths.
2: Torque required at valve maximum internal pressure rating, 5 ft./sec. fl ow velocity.
3: Consists of 4” True Union Ball Valve with two 4” x 6” Adapters.
4: Gallons per minute at 1 psi pressure drop.  Values calculated from valve laying length, based on derivative of Hazen-Williams equation with surface roughness factor of C=150.
Cv: Values for 6” venturied fl ange and socket valves are not available.

Temperature Pressure Rating

Spears® Manufacturing Company DOES NOT RECOMMEND the use of thermoplastic piping products for systems to transport or store 
compressed air or gases, or the testing of thermoplastic piping systems with compressed air or gases in above and below ground location.  The 
use of our product in compressed air or gas systems automatically voids any warranty for such products, and its use against our recommendation 
is entirely the responsibilty and liability of the installer.

WARNING: DO NOT USE COMPRESSED AIR OR GAS TO TEST ANY PVC OR CPVC THERMOPLASTIC PIPING PRODUCT OR SYSTEM, AND 
DO NOT USE DEVICES PROPELLED BY COMPRESSED AIR OR GAS TO CLEAR SYSTEMS.  THESE PRACTICES MAY RESULT IN EXPLOSIVE 
FRAGMENTATION OF SYSTEM PIPING COMPONENTS CAUSING SERIOUS OR FATAL BODILY INJURY.

No. Component Qty. Material
1 Handle 1 PP
2 Stem 1 PVC/CPVC
3 Stem O-ring 1 EPDM/Viton®

4 Stem Bearing* 1 PP
5 Union Nut 2 PVC/CPVC
6 Seat** 2 PTFE
7 Ball 1 PVC/CPVC
8 Body 1 PVC/CPVC
9 Carrier O-ring 1 EPDM/Viton®

10 Seal Carrier 1 PVC/CPVC
11 End Connector 2 PVC/CPVC
12 End Connector O-ring 2 EPDM/Viton®

* sizes 1-1/4” and larger.
**Seat O-ring (not shown) on sizes 2-1/2” and larger.

Replacement Parts

SPEARS® MANUFACTURING COMPANY
CORPORATE OFFICE

15853 Olden St., Sylmar, CA  91342 • PO Box 9203, Sylmar, CA  91392
(818) 364-1611 • www.spearsmfg.com 

Nominal 
Size

Dimension Reference (inches, ± 1/16) Approx. Wt. (Lbs.) Oper.2 
Torque 
(in.-lb.)

Cv
4 Values

A B1 C D E F G
PVC CPVC

Soc/Thd Flanged Soc/Thd Flanged Soc/Thd Flanged
1/2 2-9/16 3-7/16 5-3/16 2-13/32 2-23/32 3-1/2 3-15/32 1.05 1.23 .95 1.14 20 25 18
3/4 3-1/32 4-1/16 6-3/16 2-5/8 3-3/16 3-7/8 4 1.44 1.64 1.50 1.73 30 51 36
1 3-13/32 4-5/16 6-9/16 2-13/16 3-23/32 4-1/4 4-5/16 1.91 2.22 2.08 2.43 40 97 67

1-1/4 3-11/16 4-1/2 7-1/16 2-31/32 4-1/8 4-5/8 4-19/32 2.38 2.78 2.52 2.91 60 204 142
1-1/2 4-3/8 5-5/16 8-1/32 3-9/32 4-15/32 5 5-9/32 3.63 4.00 3.82 4.26 80 285 201

2 5-3/16 5-13/16 8-13/16 4-13/32 5-1/4 6 5-23/32 5.40 6.14 5.70 6.54 90 540 381
2-1/2 7-7/16 8-3/8 11-7/8 4-29/32 9-7/8 7 7-3/16 12.87 14.26 13.44 15.85 300 712 512

3 7-7/16 8-3/16 11-15/16 4-29/32 9-7/8 7-1/2 7-11/32 13.24 15.67 13.85 16.96 300 1294 925
4 8-15/16 8-11/16 13-3/16 5-19/32 10-13/16 9-1/16 8-5/32 19.58 24.32 20.49 25.83 400 2629 1868

6 Socket3 8-15/16 19-5/8 26-1/16 6-3/4 10-13/16 11-1/4 14-11/16 22.66 30.98 26.11 34.78 400 N/A N/A
6 Flanged3 11-3/16 29-3/8 N/A 6-3/4 10-13/16 11-1/4 14-11/16 N/A N/A N/A N/A 400 N/A N/A
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PROJECT DETAILS: DOCUMENT DETAILS:

PROJECT #: 11-225 PROCESS FLOW DIAGRAM & MASS BALANCE DATE: 5/23/2012
CLIENT: Mountaire Farms Wastewater Treatment Facility Upgrade / Resource Recovery REV. 2
CUSTOMER: Install, Inc. Physical/Chemical Pre-Treatment System - DAF, 3,456,000 GPD PREPARED BY: JT
PROJECT SITE: Millsboro, DE UPDATED BY: PY

10

DAFWaste Water from Plant Discharge 1 52

3

Feed tank

Sludge tank Sludge to haul-off4

49

Main equipment (Existing or by others) Main equipment (by WWW) Main stream Compressed air Pressurized, Forced flow
Pumps  Mixers (Existing or by others) Pumps  Mixers (by WWW) Other stream Atm  air Gravity  Non forced flow

XXXX
X

XXXXXX
XPumps, Mixers (Existing or by others) Pumps, Mixers (by WWW) Other stream Atm. air Gravity, Non-forced flow

Blower, Compressors, Aerators (Existing or by others) Blower, Compressors, Aerators (by WWW) Sludge/Solids Chemicals UV disinfected effluent
X X
X

XX
X

Water Unit 1 2 3 4 5 Air 9 10 Remarks
WAS 1) DAF influent DAF effl. recirc. DAF sludge 3) DAF effluent 3),4) Compressed air Dissolved air

Operating hrs hr/day 24 24 24 8 24 hr/day 16 24
Design Flow gal/day 3,456,000 3,456,000 176,256 3,279,744 scfm (S.ft³/min) 5 5.16

gal/min 2,400.0 2,400.0 500.0 367.2 2,277.6 psig 80 - 150 14.7
Design TSS mg/l 2,800 2,800 250 50,000 250Design TSS mg/l 2,800 2,800 250 50,000 250

lbs/day 80,675.5 80,675.5 73,472.3 7,203.2
Design FOG mg/l 800 800 14,118 80

lbs/day 23,050.1 23,050.1 20,745.1 2,305.0
Temperature °F 95
pH - 6.5-7.5 

Note & AssumptionsNote & Assumptions
1) Design basis: Numbers in blue - provide by Customer, Numbers in green - assumed by WWW.
2) Screen performance: TSS 0% removal, BOD 0% removal, FOG 0% removal
3) Dry Solids content: Screen solids: 0%, DAF sludge: 5%

ACKNOWLEGEMENT
This general block diagram is not intended to provide any equipment performance guarantee and is developed to 
provide simplicity of the overall process. Certain components and details are not shown on this diagram. The detailed 
process information can be provided after final engineering study. 

4) DAF performance: TSS 91.1% removal
5) Polymer measure/recirculation: Intermittent polymer feed to measureing cylinder, approx. 2 hrs/day
6) #3 and #10 are total flows.  Actual flow per Nikuni pump should be divided by two (2).

Client: Engineer: Manufacturer:
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PROJECT DETAILS: DOCUMENT DETAILS:
WWW PROJECT 11-225 EQUIPMENT LIST DATE: 1/13/12
CUSTOMER: Install Inc. Physical/Chemical/Biological Pre-Treatment System REV. 2.1
CLIENT: Mountaire Farms of Delaware Dissolved Air Flotation: 2,400GPM (3.456 MGD) PREPARED BY: JT, WWW
SITE: Millsboro, DE UPDATED: JT, WWW

P&ID Equipment Name Description/Function Supplier Type Mfg. Spec/Model Material of Media Flow Peak flow Flow Flow TDH Press. Volume Power Voltage/ TSS FOG COD BOD pH Temp Comments
Tag No. No. Construction (gpd) (gpm) (gpm) (gph) (ft) (psi,WC) (gal) (hp) Phase/Hz (mg/l) (mg/l) (mg/l) (mg/l) s.u. (°F)

1. Feed System
P101 DAF f d  1 I fl  f d  DAF O hP101 DAF feed pump 1 Influent feed to DAF Others
P102 DAF feed pump 2 Spare for P101/Influent feed to DAF Others

2. Dissolved Air Flotation System (DAF)
FT101 D1 DAF influent flowmeter Influent flow measure WWW Mag, Ø12" Badger M-2000 316/Stainless Steel Wastewater - - 2400 - - - - - - - - - - - -  Pipe spool mat. 
E101 D1 DAF main vessel Remove solids WWW WWW RSP 6L Polypropylene Wastewater 2400E101 D1 DAF main vessel Remove solids WWW - WWW RSP-6L Polypropylene Wastewater - - 2400 - - - - - - - - - - - -

P111 D1 DAF Nikuni pump DAF aeration & recirculation WWW Regn. turbine Nikuni M80SP-1-S-V-B 304/Stainless Steel Wastewater/Air - - 250 - - 80 - - - - - - - - -  1 Bullet 
M111 D1 DAF Nikuni pump motor (P111) Mechanical power supply to P111 WWW Std. eff Baldor EM4110T - - - - - - - - - 40 460/3/60 - - - - - -  TEFC 

D1 DAF Nikuni pump disconnect DAF Nikuni pump local power disconnect WWW NEMA 4X Hubbel HBLDS10AC- 100 amp - - - - - - - - - - - - - - - - -
KV111 D1 DAF Nikuni pump (P111) solenoid valve Nikuni pump air inlet control WWW Solenoid SMC VX2240-03N-5DZ Brass Atmospheric air - - - - - - - - 24VDC - - - - - -p p ( ) p p p
FE111 D1 DAF Nikuni air flow meter (P111) DAF Nikuni airinlet flow rate measurement WWW Floater Dwyer RMB-55-SSV - Atmospheric air - - - - - - - - - - - - - - -
P112 D1 DAF Nikuni pump DAF aeration & recirculation WWW Regn. turbine Nikuni M80SP-1-S-V 304/Stainless Steel Wastewater - - 250 - - 80 - - - - - - - - -
M112 D1 DAF Nikuni pump motor (P112) Mechanical power supply to P112 WWW Std. eff Baldor EM4110T - - - - - - - - - 40 460/3/60 - - - - - -  TEFC 

D1 DAF Nikuni pump disconnect DAF Nikuni pump local power disconnect WWW NEMA 4X Hubbel HBLDS10AC- 100 amp - - - - - - - - - - - - - - - - -
KV112 D1 DAF Nikuni pump (P112) solenoid valve Nikuni pump air inlet control WWW Solenoid SMC VX2240-03N-5DZ Brass Atmospheric air - - - - - - - - 24VDC - - - - - -
FE112 D1 DAF Nikuni air flow meter (P112) DAF Nikuni airinlet flow rate measurement WWW Floater Dwyer RMB-55-SSV - Atmospheric air - - - - - - - - - - - - - - -
PT111 D1 DAF Nikuni pump pressure transmitter DAF Nikuni pump outlet pressure monitor WWW Pressure Wika S10, 0-160 psi, 8341155 - Wastewater - - - - - 0-160 - - - - - - - - -
LS111 D1 DAF effluent box level switch Nikuni pump protection when effluent level is low WWW Contact Flowline LP15‐1405, 10' Plastic Treated water - - - - - - - - - - - - - - -

R121 D1 DAF rake gear reducer & motor DAF top solids removal WWW - Motovario CB123--160.23 - DAF float - - - - - - - 5 460/3/60 - - - - - -
VFD R121 D1 DAF k  t  VFD DAF k  t  d t l WWW NEMA 1 All  B dl P  Fl 4 DAF fl tVFD-R121 D1 DAF rake motor VFD DAF rake motor speed control WWW NEMA 1 Allen Bradley Power Flex-4 - DAF float - - - - - - - - - - - - - - -

D1 DAF rake motor local disconnect DAF rake motor local power disconnect WWW - Hubbel HBLDS3AC- 30 amp - - - - - - - - - - 600 VAC - - - - - -

S131 D1 DAF Juction box DAF bottom cone sol. valves on/off control WWW NEMA 4X Hoffman A12106 CHQRFG - - - - - - - - - - - - - - - - -
PS131 D1 DAF junction box air pressure switch DAF cone bottom valve air pressure monitor WWW - United Elec. Control H100-191, 10-100 psi - Compressed air - - - - - - - - - - - - - - -
KV130 D1 DAF cone bottom solenoid valve mounting manifold DAF bottom solenoid valves mounting WWW Manifold SMC NVVFS-01T-061-02T - Compressed airKV130 D1 DAF cone bottom solenoid valve mounting manifold DAF bottom solenoid valves mounting WWW Manifold SMC NVVFS 01T 061 02T Compressed air
KV131 D1 DAF cone bottom solenoid valve DAF bottom solids removal control WWW Solenoid SMC NVFS2100-5FZ Aluminum Compressed air - - - - - - - - 24VDC - - - - - -
KV132 D1 DAF cone bottom solenoid valve DAF bottom solids removal control WWW Solenoid SMC NVFS2100-5FZ Aluminum Compressed air - - - - - - - - 24VDC - - - - - -
KV133 D1 DAF cone bottom solenoid valve DAF bottom solids removal control WWW Solenoid SMC NVFS2100-5FZ Aluminum Compressed air - - - - - - - - 24VDC - - - - - -
V131 D1 DAF cone bottom sludge manual valve DAF bottom solids removal non-rising stem WWW 6" Knife gate Orbinox 10-2134R-060-NRS Cast Iron 4% d.s.Sludge - - - - - - - - - - - - - - -
V132 D1 DAF cone bottom sludge manual valve DAF bottom solids removal non-rising stem WWW 6" Knife gate Orbinox 10-2134R-060-NRS Cast Iron 4% d.s.Sludge - - - - - - - - - - - - - - -
V133 D1 DAF cone bottom sludge manual valve DAF bottom solids removal non-rising stem WWW 6" Knife gate Orbinox 10-2134R-060-NRS Cast Iron 4% d.s.Sludge - - - - - - - - - - - - - - -
CV131 D1 DAF cone bottom sludge control valve DAF bottom solids removal pneumatic actuator WWW 6" Knife gate Orbinox 10-2134R-060-DA Cast Iron 4% d.s.Sludge - - - - - - - - - - - - - - -
CV132 D1 DAF cone bottom sludge control valve DAF bottom solids removal pneumatic actuator WWW 6" Knife gate Orbinox 10-2134R-060-DA Cast Iron 4% d.s.Sludge - - - - - - - - - - - - - - -
CV133 D1 DAF cone bottom sludge control valve DAF bottom solids removal pneumatic actuator WWW 6" Knife gate Orbinox 10-2134R-060-DA Cast Iron 4% d.s.Sludge - - - - - - - - - - - - - - -

P141 D1 DAF float discharge pump DAF solids removal WWW Rotary Lobe Börger PL200 Cast Iron 4% d.s.Sludge - - 120 - 35 - - 5 460/3/60 - - - - - -
PT141 D1 Float discharge pump pressure trans. Pressure Control for P141 Others

3. Ancillary Equipment
- Cationic mix tank A level control High-high level alarm WWW Ultrasonic Siemens Milltronics 7ML5221-2BA14 - Polymer

Cationic mix tank B level control High high level alarm WWW Ultrasonic Siemens Milltronics 7ML5221 2BA14 Polymer- Cationic mix tank B level control High-high level alarm WWW Ultrasonic Siemens Milltronics 7ML5221-2BA14 - Polymer
- Cationic day tank level control High-high level alarm WWW Ultrasonic Siemens Milltronics 7ML5221-2BA14 - Polymer
- Anionic mix tank level control High-high level alarm WWW Ultrasonic Siemens Milltronics 7ML5221-2BA14 - Polymer
- Anionic day tank level control High-high level alarm WWW Ultrasonic Siemens Milltronics 7ML5221-2BA14 - Polymer
- Sludge tank HHL float switch High-high level alarm WWW Float HHL Kari 1H - 4% d.s.Sludge
- Trench sump pump HHL float switch High-high level alarm WWW Float HHL Kari 1H - Wastewaterp p p g g
- Trench sump pump LL float switch Low level sensor WWW Float LL Kari 1L - Wastewater
- Trench sump pump HL float switch High level sensor WWW Float HL Kari 1H - Wastewater

Client: Customer: Process Design and Manufacturer:Client: Customer: Process Design and Manufacturer:
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PROJECT DETAILS: DOCUMENT DETAILS:

PROJECT #: 11-225 SUMMARY OF INFLUENT HEAD LOSS CALCULATION DATE: 8/31/2011
CUSTOMER: Install Inc. Physical/Chemical Pre-treatment System REV. 1.1
CLINET: Mountaire Farms Dissolved Air Flotation: 3,000 gpm, Ø16" new piping PREPARED BY: John Tessandori / WWW
SITE: Millsboro, DE CHECKED BY: Hoon Chung / WWW

Description Remarks Calculations

A. Design Parameters
a. Feed stream: given
b Operating hours: 24 hour/day 24 hour/day given

US customary unit Metric unit

b. Operating hours: 24 hour/day 24 hour/day given
c. Flow rate: 4,320,000 gal/day 16,353.0 m³/day given

3,000 gal/min 681.4 m³/hr given
d. Temperature: 90 °F 32.2 °C given
e. pH: 6.5 - 7.5 6.5 - 7.5 given
f. Viscosity (µ ): 1.000 cP 1.000 cP assumed
g. Specific gravity (ρ ): 68.67 lb/ft³ 1,100 kg/m³ assumed

B. AHead Loss
1. Offal Pit to Tie-in Point

a. Static head difference 5.79 ft 1.76 m calculated Bottom of offal pit to Tie-in point
b. Ø10" pipe 23.37 ft 7.13 m calculated Bottom of offal pit to Tie-in point
e. Long radius, flanged 90° elbows 1.87 ft 0.57 m calculated
Subtotal 31.02 ft 9.46 m calculated

13.45 psi 0.95 kgf/cm² calculated
2. Tie-in Point to Grid 9

a. Static head difference 22.33 ft 6.81 m calculated Tie-in point to DAF header
b. Ø16" pipes 3.90 ft 1.19 m calculated Tie-in point to DAF header
c. Tee (branch-flow), flanged 0.36 ft 0.11 m calculated Tie-in point
d. Reducer (10"x16" expansion) 0.87 ft 0.26 m calculated Tie-in point
e. Standard, flanged 90° elbows 0.21 ft 0.07 m calculated
f. Standard, flanged 45° elbows 0.50 ft 0.15 m calculatedf. Standard, flanged 45  elbows 0.50 ft 0.15 m calculated
g. Tee (line-flow), flanged 0.07 ft 0.02 m calculated DAF influent to effluent line
h. Knife gate valves 0.11 ft 0.03 m calculated Tie-in point, DAF influent line
Subtotal 28.34 ft 8.64 m calculated

12.29 psi 0.86 kgf/cm² calculated
3. DAF head loss

a. External parts 11.89 ft 3.60 m calculated Static head differential, Header & ports
b. Internal parts 11.53 ft 3.52 m calculated Baffle, Collection laterals, Weir pipes, Separation plates
Subtotal 23.43 ft 7.12 m calculated

10.16 psi 0.71 kgf/cm² calculated
4. Total net head loss 82.79 ft 25.22 m calculated

35 89 i 2 52 kgf/cm² l l t d35.89 psi 2.52 kgf/cm² calculated

Client: Customer: Process Design and Manufacturer:
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PROJECT DETAILS: DOCUMENT DETAILS:

PROJECT #: 11-225 INFLUENT HEAD LOSS CALCULATION (1) DATE: 8/31/2011
CUSTOMER: Install Inc. Existing efffluent from offal to Tie-in point REV. 1.1
CLINET: Mountaire Farms Dissolved Air Flotation: 3,000 gpm, Ø10" existing piping PREPARED BY: John Tessandori / WWW
SITE: Millsboro, DE CHECKED BY: Hoon Chung / WWW

Description Remarks Calculations

A. Design Parameters
a. Feed stream: given
b. Operating hours: 24 hour/day 24 hour/day given
c. Flow rate: 4,320,000 gal/day 16,353.0 m³/day given

3,000 gal/min 681.4 m³/hr given
d. Temperature: 90 °F 32.2 °C given
e. pH: 7.5 7.5 assumed
f. Viscosity (µ ): 1.000 cP 1.000 cP assumed
g. Specific gravity (ρ ): 68.67 lb/ft³ 1,100 kg/m³ assumed

B. Offal Pit to Tie-in Point Piping Dimension
a. Linear velocity:

Pipe diameter (D ): 10.0 in 254 mm given
Cross sectional area of pipe: 0.5454 ft² 0.0507 m² calculated
Influent flow rate: 3,000 gal/min 681.4 m³/hr calculated

401.0 ft ³/min 11,356.2 l/min calculated
Linear velocity (v ): 12.25 ft/sec 3.74 m/sec calculated

b. Pipe length:
Total horizontal length (L h ): 818.7 ft 249.5 m given
Total vertical length (L v ): 25.2 ft 7.7 m given
Total Linear length of pipe (L ): 843.9 linear ft 257.2 linear m calculated
Length/Diameter ratio (L/D ): 1012.7 1012.7 calculated

C. Offal Pit to Tie-in Point Piping Head Loss Calcs 
a. Head difference:

Elevation of Tie-in Point (H 2 ): 16.00 ft 4.9 m given
Elevation of Sump (H 1 ): 10.21 ft 3.1 m given
Head difference (H d ): 5.79 ft 1.8 m calculated H d = H 1  - H 2

2.51 psi 0.18 kgf/cm² calculated
b. Head loss by straight pipes:

Reynold's number (N RE ): 1,043,643 1,043,643 calculated N RE : = v • D • ρ / µ
Flow pattern: Turbulent flow Turbulent flow selected N RE : <2,100 Laminar flow, >4,000 Turbulent flow

0 25

US customary unit Metric unit

Friction factor (f ): 0.010 0.010 calculated f = 0.316 • N RE
-0.25  (Turbulent flow), f = N RE /16 (Laminar flow)

Friction head loss (H f ): 23.37 ft 7.13 m calculated H f  = (L/D) • f • v²/2g
10.13 psi 0.71 kgf/cm² calculated

c. Head loss by standard 90° elbows
Minor Loss Coefficient (ξ ) 0.2 selected Flanged, Long-Radius 90 Degree Elbow
Number of elbows 4 ea 4 ea given
Friction head loss (H 90e ): 1.87 ft 0.57 m calculated H 90e  = ξ*v 2 /2g

0.81 psi 0.06 kgf/cm² calculated

Head loss subtotal for existing piping 31.02 ft 9.46 m calculated
13.45 psi 0.95 kgf/cm² calculated

*  Equivalent Length in feet of Straight Pipe for ø16", 45° and 90° PVC Elbow. (http://www.engineeringtoolbox.com/pvc-pipes-equivalent-length-fittings-d_801.html)

Client: Customer Process Design and Manufacturer:
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PROJECT DETAILS: DOCUMENT DETAILS:

PROJECT #: 11-225 INFLUENT HEAD LOSS CALCULATION (2) DATE: 8/31/2011
CUSTOMER: Install Inc. New Influent from Tie-in to DAF header REV. 1.1
CLINET: Mountaire Farms Dissolved Air Flotation: 3,000 gpm, Ø16" new piping PREPARED BY: John Tessandori / WWW
SITE: Millsboro, DE CHECKED BY: Hoon Chung / WWW

Description Remarks Calculations

A. Design Parameters
a. Feed stream: given
b. Operating hours: 24 hour/day 24 hour/day given
c. Flow rate: 4,320,000 gal/day 16,353.0 m³/day given

3,000 gal/min 681.4 m³/hr given
d. Temperature: 90 °F 32.2 °C given
e. pH: 7.5 7.5 assumed
f. Viscosity (µ ): 1.000 cP 1.000 cP assumed
g. Specific gravity (ρ ): 68.67 lb/ft³ 1,100 kg/m³ assumed

B. Tie-in Point to DAF header Piping Dimensions
a. Linear velocity:

Pipe diameter (D ): 16.0 in 406 mm given
Cross sectional area of pipe: 1.3963 ft² 0.1297 m² calculated
Influent flow rate: 3,000 gal/min 681.4 m³/hr calculated

401.0 ft ³/min 11,356.2 l/min calculated
Linear velocity (v ): 4.79 ft/sec 1.46 m/sec calculated

b. Pipe length:
Total horizontal length (L h ): 1292.0 ft 393.8 m given
Total vertical length (L v ): 21.9 ft 6.7 m given
Total Linear length of pipe (L ): 1313.9 linear ft 400.5 linear m calculated
Length/Diameter ratio (L/D ): 985.4 985.4 calculated

C. Tie-in Point to DAF header Piping Head Loss Calcs 
a. Head difference:

Elevation of DAF inlet (H 2 ): 38.33 ft 11.7 m given
Elevation of Tie-in Point (H 1 ): 16.00 ft 4.9 m given
Head difference (H d ): 22.33 ft 6.8 m calculated H d = H 1 - H 2

9.68 psi 0.68 kgf/cm² calculated
b. Head loss by straight pipes:

Reynold's number (N RE ): 652,277 652,277 calculated N RE : = v • D • ρ / µ
Flow pattern: Turbulent flow Turbulent flow selected N RE : <2,100 Laminar flow, >4,000 Turbulent flow
Friction factor (f ): 0.011 0.011 calculated f = 0.316 • N RE

-0.25  (Turbulent flow), f = N RE /16 (Laminar flow)
Friction head loss (H f ): 3.90 ft 1.19 m calculated H f  = (L/D) • f • v²/2g

1.69 psi 0.12 kgf/cm² calculated
c. Head loss by Tee (branch-flow) fitting

Minor Loss Coefficient (ξ ) 1.0 1.0 selected Flanged, branch flow tee
Number of tee(s) 1 ea 1 ea given
Head loss through tee(s) (H t ): 0.36 ft 0.11 m calculated H t  = ξ*v 2 /2g

0.15 psi 0.01 kgf/cm² calculated

US customary unit Metric unit

0.15 psi 0.01 kgf/cm calculated
d. Head loss by reducer (expansion):

Reducer smaller side diameter (d 1 ): 10.0 in 254 mm selected
Reducer lager side diameter (d 2 ): 16.0 in 406 mm selected
Diameter ratio (β ): 0.625 0.625 calculated β = d 1 /d 2

Friction Coefficient (K ): 2.434 2.434 calculated K = (1-β²)² / β⁴
Number of reducers (expansion) 1 ea 1 ea selected
Friction head loss (H r ): 0.87 ft 0.26 m calculated H r  = K • v²/2g

0.38 psi 0.03 kgf/cm² calculated
e. Head loss by standard 90° elbows

Minor Loss Coefficient (ξ) 0.2 0.2 selected Flanged, Long-Radius 90 Degree Elbow
Number of elbows 3 ea 3 ea given
Friction head loss (H 90e ): 0.21 ft 0.07 m calculated H 90e  = ξ*v 2 /2g

0.09 psi 0.01 kgf/cm² calculated
f. Head loss by 45° elbows

Minor Loss Coefficient (ξ) 0.2 0.2 selected Flanged, Long-Radius 45 Degree Elbow
Number of elbows 7 ea 7 ea given
Friction head loss (H 45e ): 0.50 ft 0.15 m calculated H 45e  = ξ*v 2 /2g

0.22 psi 0.02 kgf/cm² calculated
g. Head loss by Tee (line-flow) fitting

Minor Loss Coefficient (ξ) 0.2 0.2 selected Flanged, line flow tee
Number of tee(s) 1 ea 1 ea given
Head loss through tee(s) (H t ): 0.07 ft 0.02 m calculated H t  = ξ*v 2 /2g

0.03 psi 0.00 kgf/cm² calculated
h. Head loss by Knife gate valves

Minor Loss Coefficient (ξ) 0.15 0.15 selected Fully opened knife gate valve
Number of gate valve(s) 2 ea 2 ea given
Head loss through gate valve(s) (H v ): 0.11 ft 0.03 m calculated H v  = ξ*v 2 /2g

0.05 psi 0.00 kgf/cm² calculated

Head loss subtotal for new piping 28.34 ft 8.64 m calculated
12.29 psi 0.86 kgf/cm² calculated

*  Equivalent Length in feet of Straight Pipe for ø16", 45° and 90° PVC Elbow. (http://www.engineeringtoolbox.com/pvc-pipes-equivalent-length-fittings-d_801.html)

Client: Customer Process Design and Manufacturer:
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PROJECT DETAILS: DOCUMENT DETAILS:

PROJECT #: 11-225 INFLUENT HEAD LOSS CALCULATION (3.a) DATE: 8/31/2011
CUSTOMER: Install Inc. DAF External Parts (header) REV. 1.1
CLINET: Mountaire Farms Dissolved Air Flotation: 3,000 gpm, Ø16" new piping PREPARED BY: John Tessandori / WWW
SITE: Millsboro, DE CHECKED BY: Hoon Chung / WWW

Description Remarks Calculations

A. Design Parameters
a. Feed stream: given
b. Operating hours: 24 hour/day 24 hour/day given
c. Flow rate: 4,320,000 gal/day 16,353.0 m³/day given

3,000 gal/min 681.4 m³/hr given
d. Temperature: 90 °F 32.2 °C given
e. pH: 6.5 - 7.5 6.5 - 7.5 assumed
f. Viscosity (µ ): 1.000 cP 1.000 cP assumed
g. Specific gravity (ρ ): 68.67 lb/ft³ 1,100 kg/m³ assumed

B. Header Dimension & Linear Velocity
a. Linear velocity:

Header diameter: 16.0 in 406 mm selected
Cross sectional area of header (A h ): 1.3963 ft² 0.1297 m² calculated
Influent flow rate: 3,000 gal/min 681.4 m³/hr calculated

401.0 ft ³/min 11,356.2 l/min calculated
Linear velocity through header (v ₀): 4.79 ft/sec 1.46 m/sec calculated

Ports diameter (D p ): 12 in 305 mm selected
Cross sectional area of ports: 0.7854 ft² 0.0730 m² calculated
Number of ports: 4 ea 4 ea calculated
Total cross sectional area of ports (A p ): 3.14 ft² 0.29 m² calculated
Linear velocity through ports (v p ): 2.13 ft/sec 0.65 m/sec calculated
Ports length (L p ): 1.75 ft 0.5 m calculated

C. DAF Header Head Loss Calcs 
a. Head difference:

Elevation of DAF water level (H 2 ): 46.33 ft 14.1 m given
Elevation of Header Inlet(H 1 ): 38.33 ft 11.7 m given same as DAF inlet
Head difference (H d ): 8.00 ft 2.4 m calculated H d = H 1 - H 2

3.47 psi 0.24 kgf/cm² calculated
b. Head loss by header pipe:

Header length: 10.0 ft 3.0 linear m given
Length/Diameter ratio (L/D ): 7.5 7.5 calculated
Reynold's number (N RE ): 652,277 652,277 calculated N RE : = v • D • ρ / µ
Flow pattern: Turbulent flow Turbulent flow selected N RE : <2,100 Laminar flow, >4,000 Turbulent flow
Friction factor (f ): 0.011 0.011 calculated f = 0.316 • N RE

-0.25  (Turbulent flow), f = N RE /16 (Laminar flow)
Head loss through header (H h ): 0.03 ft 0.01 m calculated H h  = (L/D) • f • v²/2g

0.01 psi 0.00 kgf/cm² calculated
c. Head loss by standard 90° elbows

Minor Loss Coefficient (ξ) 0.2 0.2 selected Flanged, Long-Radius 90 Degree Elbow

US customary unit Metric unit

Minor Loss Coefficient (ξ) 0.2 0.2 selected Flanged, Long Radius 90 Degree Elbow
Number of elbows 1 ea 1 ea given
Friction head loss (H 90e ): 0.07 ft 0.02 m calculated H 90e  = ξ • v 2 /2g

0.03 psi 0.00 kgf/cm² calculated
d. Head loss by header ports

Ratio of lowest/highest flow  through ports (m ): 0.95 0.95 assumed lowest:1, highest: 1.05
Hydraulic grade differential ( Δ H ) 0.326 ft 0.099 m calculated ΔH = (v₀²/2g) - H h
Head loss through port (H p ): 3.51 ft 1.07 m calculated H p  = ΔH / (1-m²)
Friction loss coefficient (K ) 0.50 0.50 selected
Head loss through the gate (H g ): 0.281 ft 0.09 m calculated H g  = (Q/KA) ²/2g

Head loss subtotal for DAF External parts 11.89 ft 3.60 m calculated
5.16 psi 0.36 kgf/cm² calculated

*  Equivalent Length in feet of Straight Pipe for ø16", 45° and 90° PVC Elbow. (http://www.engineeringtoolbox.com/pvc-pipes-equivalent-length-fittings-d_801.html)
** Minor internal head loss of DAF derived from intrnal parts, such as lamella plates, clean water pipe, and weir are not included.
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PROJECT DETAILS: DOCUMENT DETAILS:

PROJECT #: 11-225 INFLUENT HEAD LOSS CALCULATION (3.b) DATE: 8/31/2011PROJECT #: 11 225 INFLUENT HEAD LOSS CALCULATION (3.b) DATE: 8/31/2011
CUSTOMER: Install Inc. DAF Internal Parts (Laterals, Plates, Weirs, Baffles) REV. 1.1
CLINET M i F Di l d Ai Fl t ti 3 000 Ø16" i i PREPARED BY J h T d i / WWWCLINET: Mountaire Farms Dissolved Air Flotation: 3,000 gpm, Ø16" new piping PREPARED BY: John Tessandori / WWW
SITE: Millsboro, DE CHECKED BY: Hoon Chung / WWW, g

Description Remarks CalculationsUS customary unit Metric unitDescription Remarks CalculationsUS customary unit Metric unit

A. Design Parameters
a Feed stream: givena. Feed stream: given
b. Operating hours: 24 hour/day 24 hour/day given

Fl t l/d 16 353 0 ³/d ic. Flow rate: 4,320,000 gal/day 16,353.0 m³/day given
3,000 gal/min 681.4 m³/hr giveng g

d. Temperature: 90 °F 32.2 °C given
e pH: 6 5 7 5 6 5 7 5 assumede. pH: 6.5 - 7.5 6.5 - 7.5 assumed
f. Viscosity (µ ): 1.000 cP 1.000 cP assumed

S ifi it ( )g. Specific gravity (ρ ): 68.67 lb/ft³ 1,100 kg/m³ assumed

B. Lateral Collector Dimension and Linear Velocity
Li l ita. Linear velocity:

Collector Width 6.3 in 159 mm selected
Collector Height 14.0 in 356 mm selected
Cross Sectional Area of Collector (A C ): 0.6076 ft² 0.0565 m² calculatedCross Sectional Area of Collector (A C ): 0.6076 ft 0.0565 m calculated
Influent flow rate: 2,850 gal/min 647.3 m³/hr calculated

381.0 ft ³/min 10,788.4 l/min calculated
Number of Lateral Collectors 5 ea 5 ea selected
Tot. cross sectional area of collectors 3.0382 ft² 0.2823 m² calculated
Linear velocity through Collectors (v ): 2 09 ft/sec 0 64 m/sec calculatedLinear velocity through Collectors (v c ): 2.09 ft/sec 0.64 m/sec calculated

Holes diameter (D h ) 1.125 in 28.58 mm selected
Cross sectional area of holes 0 0069 ft² 0 00064 m² calculatedCross sectional area of holes 0.0069 ft 0.00064 m calculated
Number of holes per lateral 59 ea 59 ea calculated
T t ti l f h l (A ) f ² 0 19 ² l l t d ll 59 h l h ll 5 llTot. cross sectional area of holes (Ah) 2.04 ft² 0.19 m² calculated overall--59 holes on each collector, times 5 collectors
Linear velocity through holes (v h ): 3.12 ft/sec 0.95 m/sec calculated

C DAF Lateral Collector Head Loss CalcsC. DAF Lateral Collector Head Loss Calcs
a. Head loss by lateral collector pipes

Lateral Collector length 17.3 ft 5.3 linear m given
Collector Equivalent Dia. (d e ) 10.0 in 254.6 mm calculated d e  = 1.30 • ((a • b) 0.625  / (a + b) 0.25 )q ( e ) in e (( ) ( ) )
Length/Diameter ratio (L/D ): 20.7 20.7 calculated
Raynold's number (N ): 178 426 178 435 calculated N D /Raynold's number (N RE ): 178,426 178,435 calculated N RE  = v • D • ρ / µ
Flow pattern: Turbulent flow Turbulent flow selected N RE  <2,100 Laminar flow, >4,000 Turbulent flow
Friction factor (f ): 0.015 0.015 calculated f = 0.316 • N RE

-0.25  (Turbulent flow), f = N RE /16 (Laminar flow)
Head loss through Collectors (H ): 0 02 ft 0 01 m calculated H h = (L/D) • f • v²/2gHead loss through Collectors (H c ): 0.02 ft 0.01 m calculated H h   (L/D)  f  v /2g   

0.01 psi 0.00 kgf/cm² calculated
c. Head loss by collector holes

Ratio of lowest/highest flow through holes (m ): 0.95 0.95 assumed lowest:1, highest: 1.05g g ( ) assu ed lowest: , highest: .05
Hydraulic grade differential ( Δ H ) 0.046 ft 0.014 m calculated ΔH = (v₀²/2g) - H c  (one collector)
Head loss through holes (H ): 0 50 ft 0 15 m calc lated H ΔH / (1 ²)Head loss through holes (H h ): 0.50 ft 0.15 m calculated H p  = ΔH / (1-m²)
Friction loss coefficient (K ) 0.50 0.50 selected
Head loss through the gate (H g ): 0.281 ft 0.09 m calculated H g  = (Q/KA) ²/2g

D.  DAF Weir Pipes Dimensions and Linear Velocity
a. Linear velocity 

Weir Pipe Diameter 11 in 279 mm givenp g
Cross Sectional Area of Weir Pipe 0.66 ft² 0.0613 m² calculated
Influent Flow Rate 2 850 gal/min 647 3 m³/hr calculatedInfluent Flow Rate 2,850 gal/min 647.3 m /hr calculated

381.0 ft ³/min 10,788.4 l/min calculated
Number of Weir Pipes 5 ea 5 ea given
Tot Cross Sectional Area of Weir Pipes 3 30 ft² 0 3066 m² calculatedTot. Cross Sectional Area of Weir Pipes 3.30 ft 0.3066 m calculated
Linear Velocity 1.92 ft/sec 0.59 m/sec calculated

E. DAF Weir Pipe Head Loss Calcs
a. Head difference:

Head difference (H d ): 8.30 ft 2 5 m calculated Height of one weir pipe( d ) 8.30 ft 2.5 m calculated Height of one weir pipe
3.60 psi 0.25 kgf/cm² calculated

b. Head loss by Tee (branch-flow) fitting
Minor Loss Coefficient (ξ) 2.0 2.0 selected Threaded branch flow tee(ξ) f
Number of tee(s) 1 ea 1 ea given
Head loss through tee(s) (H ): 0 12 ft 0 04 m calculated H = ξ • v 2 /2gHead loss through tee(s) (H t ): 0.12 ft 0.04 m calculated H t  = ξ • v /2g 

0.05 psi 0.00 kgf/cm² calculated
c. Head loss by Weir Pipe

Weir Pipe Length 8 302 ft 2.530 m givenWeir Pipe Length 8.302 ft 2.530 m given
Length/Diameter ratio (L/D ): 9.1 9.1 calculated
Raynold's number (N ): 180 257 180 266 calculated N D /Raynold's number (N RE ): 180,257 180,266 calculated N RE  = v • D • ρ / µ
Flow pattern: Turbulent flow Turbulent flow selected N RE  <2,100 Laminar flow, >4,000 Turbulent flow
Friction factor (f ): 0.015 0.015 calculated f = 0.316 • N RE

-0.25  (Turbulent flow), f = N RE /16 (Laminar flow)
Head loss through Weir (H ): 0 01 ft 0 00 m calculated H h = (L/D) • f • v²/2gHead loss through Weir (H w ): 0.01 ft 0.00 m calculated H h  = (L/D) • f • v /2g   

0.00 psi 0.00 kgf/cm² calculated

F. DAF Baffle Head Loss Calcs
2.31 ft 0.7 m calculated 25% of above subtotal 
1 00 psi 0 07 kgf/cm² calculated1.00 psi 0.07 kgf/cm calculated

Head loss subtotal for DAF Internal parts 11.53 ft 3.52 m calculated
5.00 psi 0.35 kgf/cm² calculated5.00 psi 0.35 kgf/cm calculated

*  Equivalent Length in feet of Straight Pipe for ø16", 45° and 90° PVC Elbow. (http://www.engineeringtoolbox.com/pvc-pipes-equivalent-length-fittings-d_801.html)
** Minor internal head loss of DAF derived from intrnal parts, such as lamella plates, clean water pipe, and weir are not included.
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PROJECT DETAILS: DOCUMENT DETAILS:
SUMMARY OF EFFLUENT HEAD LOSS CALCULATIONPROJECT #: 11-225 SUMMARY OF EFFLUENT HEAD LOSS CALCULATION DATE: 8/31/2011

CUSTOMER: Install Inc Physical/Chemical Pre treatment System REV 1 1CUSTOMER: Install Inc. Physical/Chemical Pre-treatment System REV. 1.1
CLINET: Mountaire Farms Dissolved Air Flotation: 3,000 gpm Ø16" new piping PREPARED BY: John Tessandori / WWWCLINET: Mountaire Farms Dissolved Air Flotation: 3,000 gpm, Ø16  new piping PREPARED BY: John Tessandori / WWW
SITE: Millsboro, DE CHECKED BY: Hoon Chung / WWW, g

Description Remarks CalculationsUS customary unit Metric unit

A Design ParametersA. Design Parameters
a Feed stream: givena. Feed stream: given
b. Operating hours: 24 hour/day 24 hour/day givenp g y y g
c. Flow rate: 4,320,000 gal/day 16,353.0 m³/day given

3,000 gal/min 681.4 m³/hr given
d. Temperature: 90 °F 32.2 °C given
e pH: 6 5 7 5 6 5 7 5 givene. pH: 6.5 - 7.5 6.5 - 7.5 given
f Viscosity (µ ): 1 000 cP 1 000 cP assumedf. Viscosity (µ ): 1.000 cP 1.000 cP assumed
g. Specific gravity (ρ ): 68.67 lb/ft³ 1,100 kg/m³ assumedg f g

B. AHead Loss
1.  TOP OF DAF EFFLUENT PIPE TO DAF EFFLUENT TEE

a Head Difference 9 30 ft 2 83 ma. Head Difference -9.30 ft -2.83 m
b Head Loss by Straight Pipes 0 04 ft 0 01 mb. Head Loss by Straight Pipes 0.04 ft 0.01 m
c. Head Loss by Valves 0.08 ft 0.03 my f
d. Head Loss by Tees (line-flow) 0.06 ft 0.02 m
e. Head Loss by Reducer 0.17 ft 0.02 m
Subtotal -8.95 ft -2.77 m

3 88 i 0 28 kgf/cm²-3.88 psi -0.28 kgf/cm²

2 DAF EFFLUENT TEE TO LAGOON TIE-IN2.  DAF EFFLUENT TEE TO LAGOON TIE-IN
a.  Head Difference -9.45 ft -2.88 mf
b.  Head Loss by Straight Pipes 2.64 ft 0.81 m
c. Head Loss by 90o elbows 0.28 ft 0.09 m

H d L b 45o lbd. Head Loss by 45o elbows 0.50 ft 0.15 m
S bt t l 6 03 ft 1 84Subtotal -6.03 ft -1.84 m

-2 61 psi -0 18 kgf/cm²2.61 psi 0.18 g
3.  Total net head loss -14.98 ft -4.60 m calculatedf calculated

-6.49 psi -0.46 kgf/cm² calculated

Client: Customer Process Design and Manufacturer:Client: Customer Process Design and Manufacturer:
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PROJECT DETAILS: DOCUMENT DETAILS:
EFFLUENT HEAD LOSS CALCULATION (1)PROJECT #: 11-225 EFFLUENT HEAD LOSS CALCULATION (1) DATE: 8/31/2011

CUSTOMER: p Top of DAF effluent pipes to DAF effluent merge point (Tee) REV 1 1CUSTOMER: p Top of DAF effluent pipes to DAF effluent merge point (Tee) REV. 1.1
CLINET: Mountaire Farms Dissolved Air Flotation: 3,000 gpm 2 ea Ø12" internal pipes PREPARED BY: John Tessandori / WWWCLINET: Mountaire Farms Dissolved Air Flotation: 3,000 gpm, 2 ea Ø12  internal pipes PREPARED BY: John Tessandori / WWW
SITE: Millsboro, DE CHECKED BY: Hoon Chung / WWW, g

Description Remarks CalculationsUS customary unit Metric unit

A Design ParametersA. Design Parameters
a Feed stream: givena. Feed stream: given
b. Operating hours: 24 hour/day 24 hour/day givenp g y y g
c. Flow rate: 4,320,000 gal/day 16,353.0 m³/day given

3,000 gal/min 681.4 m³/hr given half flow as per drawing

d. Temperature: 90 °F 32.2 °C given
e pH: 7 5 7 5 assumede. pH: 7.5 7.5 assumed
f Viscosity (µ ): 1 000 cP 1 000 cP assumedf. Viscosity (µ ): 1.000 cP 1.000 cP assumed
g. Specific gravity (ρ ): 68.67 lb/ft³ 1,100 kg/m³ assumedg f g

B. DAF Discharge to DAF Effluent Tee
a. Linear velocity:

Number of Effluent pipes: 2 2 ea givenNumber of Effluent pipes: 2 ea 2 ea given
Flow rate per Effluent pipe: 1 500 gal/min 340 7 m³/hr calculatedFlow rate per Effluent pipe: 1,500 gal/min 340.7 calculated
Pipe diameter (D ): 12.0 in 305 mm giveng
Cross sectional area of pipe (A ): 0.7854 ft² 0.0730 m² calculated
Influent flow rate (Q ): 1,500 gal/min 340.7 m³/hr calculated

f ³/200.5 ft ³/min 5,678.1 l/min calculated
Linear velocity (v ): 4 26 ft/ 1 30 / l l t dLinear velocity (v ): 4.26 ft/sec 1.30 m/sec calculated

b. Pipe length:p g
Total horizontal length (L h ): 0.0 ft 0.0 m given
Total vertical length (L v ): 10.3 ft 3.1 m given
T t l Li l th f i ( )Total Linear length of pipe (L ): 10.3 linear ft 3.1 linear m calculated
Length/Diameter ratio (L/D ): 10 3 10 3 l l t dLength/Diameter ratio (L/D ): 10.3 10.3 calculated

C. DAF Discharge to DAF Effluent Tee
a. Head difference:

Elevation of DAF Effluent Tee (H 2 ): 33.95 ft 10.3 m given
El ti f DAF Di h (H ) 43 25 ft 13 2 iElevation of DAF Discharge (H 1 ): 43.25 ft 13.2 m given
Head difference (H d ): -9 30 ft -2 8 m calculated H d = H 1 - H 2Head difference (H d ): -9.30 ft 2.8 m calculated H d   H 1   H 2

-4.03 psi -0.28 kgf/cm² calculated4.03 psi 0.28 kgf/cm calculated
b. Head loss by straight pipes:

Reynold's number (N RE ): 434,851 434,851 calculated N RE : = v • D • ρ / µ
Flow pattern: Turbulent flow Turbulent flow selected N RE : <2,100 Laminar flow, >4,000 Turbulent flow
F i ti f t (f ) 0 012 0 012 l l t d f 0 316 N -0 25 (T b l t fl ) f N /16 (L i fl )Friction factor (f ): 0.012 0.012 calculated f = 0.316 • N RE

0. 5  (Turbulent flow), f = N RE /16 (Laminar flow)
Friction head loss (H ): 0 04 ft 0 01 m calculated H f = (L/D) • f • v²/2gFriction head loss (H f ): 0.04 ft 0.01 m calculated H f  = (L/D) • f • v /2g

0.02 psi 0 00 kgf/cm² calculated0.02 psi 0.00 kgf/cm calculated
c. Head loss by Butterfly Valves

Minor Loss Coefficient (ξ) 0.3 selected Flanged, Long-Radius 90 Degree Elbow
Number of Valves 1 ea 1 ea given
F i ti h d l (H ) 0 08 f 0 03 l l t d H ξ* 2 /2Friction head loss (H 90e ): 0.08 ft 0.03 m calculated H 90e  = ξ*v 2 /2g

0 04 psi 0 00 kgf/cm² calculated0.04 psi 0.00 kgf/cm² calculated
d. Head loss by Tee (line-flow)d. Head loss by Tee (line flow)

Minor Loss Coefficient (ξ) 0.2 0.2 selected Flanged, Long-Radius 45 Degree Elbow
Number of Tees 1 ea 1 ea given

2Friction head loss (H 45e ): 0.06 ft 0.02 m calculated H 45e  = ξ*v 2 /2g
0 02 i 0 00 k f/ ² l l t d0.02 psi 0.00 kgf/cm² calculated

e Head loss by reducer (expansion):e. Head loss by reducer (expansion):
Reducer smaller side diameter (d 1 ): 12.0 in 305 mm selectedReducer smaller side diameter (d 1 ): 12.0 in 305 mm selected
Reducer lager side diameter (d 2 ): 16.0 in 406 mm selected
Diameter ratio (β ): 0.750 0.750 calculated β = d 1 /d 2
Friction Coefficient (K ): 0.605 0.605 calculated K = (1-β²)² / β⁴
N b f d ( i ) 1 l t dNumber of reducers (expansion) 1 ea 1 ea selected
Friction head loss (H ): 0 17 ft 0 02 m calculated H = K • v²/2gFriction head loss (H r ): 0.17 ft 0.02 m calculated H r  = K • v²/2g

0.07 psi 0 00 kgf/cm² calculated0.07 psi 0.00 kgf/cm calculated
Head loss subtotal for new piping -8.95 ft -2.77 m calculated

-3.88 psi -0.28 kgf/cm² calculated

Client: Customer Process Design and Manufacturer:Client: Customer Process Design and Manufacturer:
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PROJECT DETAILS: DOCUMENT DETAILS:

PROJECT # 11 225 EFFLUENT HEAD LOSS CALCULATION (2) DATE 8/31/2011PROJECT #: 11-225 EFFLUENT HEAD LOSS CALCULATION (2) DATE: 8/31/2011
CUSTOMER: Install Inc DAF effluent merge point (Tee) to Discharge point (Lagoon) REV 1 1CUSTOMER: Install Inc. DAF effluent merge point (Tee) to Discharge point (Lagoon) REV. 1.1
CLINET: Mountaire Farms Dissolved Air Flotation: 3,000 gpm, Ø16" new piping PREPARED BY: John Tessandori / WWWC ou a e a s , gp , Ø p p g Jo essa do /
SITE: Millsboro, DE CHECKED BY: Hoon Chung / WWW

D i ti R k C l l tiUS t it M t i itDescription Remarks CalculationsUS customary unit Metric unit

A. Design Parametersg
a. Feed stream: given
b. Operating hours: 24 hour/day 24 hour/day given

Fl t 4 320 000 l/d 16 353 0 m³/day ic. Flow rate: 4,320,000 gal/day 16,353.0 m /day given
3 000 gal/min 681 4 m³/hr given3,000 gal/min 681.4 given

d. Temperature: 90 °F 32.2 °C givenp g
e. pH: 7.5 7.5 assumed
f. Viscosity (µ ): 1.000 cP 1.000 cP assumed
g Specific gravity (ρ ): 68 67 lb/ft³ 1 100 kg/m³ assumedg. Specific gravity (ρ ): 68.67 lb/ft³ 1,100 kg/m³ assumed

B. DAF Effluent (from tee) to Lagoon Piping Dimensions( ) g p g
a. Linear velocity:

Pipe diameter (D ): 16.0 in 406 mm given
C ti l f i 1 3963 ft² 0 1297 ² l l t dCross sectional area of pipe: 1.3963 ft² 0.1297 m² calculated
Influent flow rate: 3 000 gal/min 681 4 m³/hr calculatedInfluent flow rate: 3,000 gal/min 681.4 m /hr calculated

401.0 ft ³/min 11,356.2 l/min calculated,
Linear velocity (v ): 4.79 ft/sec 1.46 m/sec calculated

b Pipe lengthb. Pipe length:
Total horizontal length (L h ): 877 4 ft 267 4 m givenTotal horizontal length (L h ): 877.4 ft 267.4 m given
Total vertical length (L v ): 11.5 ft 3.5 m giveng ( v ) f g
Total Linear length of pipe (L ): 888.9 linear ft 270.9 linear m calculated
Length/Diameter ratio (L/D ): 666.6 666.6 calculated

C. DAF Effluent (from tee) to Lagoon Piping Head Loss Calcs 
a. Head difference:

Elevation of Lagoon Discharge (H 2 ): 24.50 ft 7.5 m given
Elevation of DAF Effluent Tee(H ): 33 95 ft 10 3 m givenElevation of DAF Effluent Tee(H 1 ): 33.95 ft 10.3 m given
Head difference (H d ): -9.45 ft -2.9 m calculated H d  = H 1  - H 2Head difference (H d ): 9.45 ft 2.9 m calculated H d   H 1   H 2

-4.10 psi -0.29 kgf/cm² calculatedp g
b. Head loss by straight pipes:

Reynold's number (N RE ): 652,277 652,277 calculated N RE : = v • D • ρ / µ
Fl tt T b l t fl T b l t fl l t d N : <2 100 Laminar flow >4 000 Turbulent flowFlow pattern: Turbulent flow Turbulent flow selected N RE : <2,100 Laminar flow, >4,000 Turbulent flow
Friction factor (f ): 0 011 0 011 calculated f = 0 316 • N RE

-0.25 (Turbulent flow) f = N RE /16 (Laminar flow)Friction factor (f ): 0.011 0.011 calculated f  0.316  N RE  (Turbulent flow), f  N RE /16 (Laminar flow)
Friction head loss (H f ): 2.64 ft 0.81 m calculated H f  = (L/D) • f • v²/2g( f ) f f ( ) f g

1.14 psi 0.08 kgf/cm² calculated
c. Head loss by standard 90° elbows

Mi L C ffi i t (ξ) 0 2 0 2 selected Fl d L R di 90 D ElbMinor Loss Coefficient (ξ) 0.2 0.2 selected Flanged, Long-Radius 90 Degree Elbow
Number of elbows 4 ea 4 ea givenNumber of elbows 4 ea 4 ea given
Friction head loss (H 90e ): 0.28 ft 0.09 m calculated H 90e  = ξ*v 2 /2g( 90e ) f 90e ξ g

0.12 psi 0.01 kgf/cm² calculated
d. Head loss by 45° elbows

Minor Loss Coefficient (ξ) 0 2 0 2 selected Flanged Long Radius 45 Degree ElbowMinor Loss Coefficient (ξ) 0.2 0.2 selected Flanged, Long-Radius 45 Degree Elbow
Number of elbows 7 ea 7 ea givenNumber of elbows 7 ea 7 ea given
Friction head loss (H 45e ): 0.50 ft 0.15 m calculated H 45e  = ξ*v 2 /2g( 45e ) f 45e g

0.22 psi 0.02 kgf/cm² calculated
Head loss subtotal for new piping -6.03 ft -1.84 m calculated

2 61 psi 0 18 kgf/cm² l l t d-2.61 psi -0.18 kgf/cm calculated

Client: Customer Process Design and Manufacturer:Client: Customer Process Design and Manufacturer:
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OPERATION    BOTTOM CONE OPERATION  
SHEET     PURPOSE:  Remove Solids Settled to the Bottom 
 
 
 
GOAL:  Remove settled solids with least amount of excess water without allowing solids to collect in 

system.  
    
STRATEGY:   To monitor bottom collection of solids and adjust Cone ON/OFF timers.  
 
SETPOINTS:  Cone OFF time in Minutes 

  Cone  ON time in Seconds   
FIRST STARTUP:  

1) Check Solenoid Valve Operation  
2) Check air line to Valves from the Solenoid Manifold 
3) Turn Solids Removal pump to Auto.  

OPERATION: 
• While the DAF unit is processing water, the Bottom Cones will operate in the AUTO 

mode on a cycle timer.  This timer can be adjusted on the Control Panel.  As the 
solids are generated in the bottom cones of the DAF, the valve will come on and 
pump the solids with the solids removal pump.   The cones should have a common 
“Off” time and individual set points for the “On” times.  The valves should be 
controlled so that only one valve will be opened at a time.   

• system.  If excessive solids carry over is occurring, the cones may need to be purged 
more often or for longer durations.   

• All cones can be opened to drain the unit for cleaning or maintenance.  
CONTROL LOGIC: 

HAND:  Corresponding Cone will open. 
 Solids Pump will start if in Auto 
AUTO:  Will operate on Timer when Nikuni Pump is Running.  
 Solids Pump will start if in Auto 
.    



 

 
 
 

MOUNTAIRE FARMS – MILLSBORO, DE 
 

WASTEWATER PRETREATMENT/  
RESOURCE RECOVERY PLANT 

 
STANDARD OPERATING PROCEDURE 

 
 
 
This manual describes the operation of the World Water Works Dissolved Air Floatation 
System (DAF) that is located in the Resource Recovery Plant. This system is used to 
remove fat and proteins that are a valuable resource, so care must be taken to ensure 
maximum capture of these components. 
 
The components for this system are listed in order with the operating instruction 
included as follows: 
 

1) DAF Feed Forward Pumps 
 
The DAF is provided influent via Gorman Rupp Type centrifugal pumps located in the 
offal room next to the processing plant. These pumps provide influent to either the DAF 
or Anaerobic Lagoons. The valves are located underground adjacent the property line 
approximately 200 yards back from the offal room. The valves and pumps are adjusted 
to provide 1700 GPM to the DAF. 
 

2) Dissolved Air Floatation Unit (DAF) 
 
The DAF consists of the following components:              
  

A. NIKUNI PUMPS  
 
PURPOSE: To dissolve atmospheric air into water under pressure.  
GOAL: Draw 125-150 SCFH air into each pump. Pressurize system to 60 psi.  
STRATEGY: To create a vacuum on suction side of the pump by throttling suction side valve to 
draw atmospheric air into the pump. Then, pressurize the discharge side by throttling injection 
point valves. 



 

 
 
 
 
 
  
SETPOINTS:  
1) Fully open Isolation Valves on DAF Header Pipe.  
2) Fully open WW Injection Valves  
3) Turn Nikuni Pump on Auto  
4) Throttle the six valves on pump header to develop back pressure 
5) Adjust valves evenly to set pressure at 60 PSI. 
6) Throttle Nikuni Suction Valve to achieve 125-150 scfh on air flowmeter. Make sure valve on 
air flowmeter is in full open position, about three rounds out. 
7)  Vacuum may be 5-20 in HG  
  
OPERATION:  
• Pumps will start and stop with flow and no need for adjustment.  
• Occasionally buildup will restrict throttled valves, causing setpoints to be lost – Purge valves 
by throttling open and resetting when this occurs. This may require a full reset of valve positions 
at times.  
 
CONTROL LOGIC:  
HAND: Pumps will operate except if discharge pressure reaches 100 psi at any instant or if <10 
for more than 2 seconds. These conditions shut pump off and cause an alarm.   
AUTO: Same protection exists on low and high pressures as in Hand.  
 
Pumps will operate when DAF feed pumps are running. 
 

OPERATIONB 
B. TOP SOLIDS RAKE 

 
PURPOSE: Remove Solids floated to the surface 
GOAL: Remove solids with least amount of excess water without allowing solids to collect in 
system. 
STRATEGY: To monitor collection of solids and adjust Rake ON/OFF timers. 
 
SETPOINTS: Rake OFF time = 5 Minutes, Rake ON time = 90 Seconds 
 
FIRST STARTUP: 
1) Check rotation of Drive Motor 
2) Check chain tension. Adjust at take-up frame bearings if necessary. 
3) Put Solids Removal pump in Auto. 
 
 



 

 
OPERATION: 
ꞏ While the DAF unit is processing water, the Top Solids Rake will operate in the 
AUTO mode on a cycle timer. This timer can be adjusted on the Control Panel. As the solids 
are generated on the top of the DAF, the rake drive will come on and wipe the solids 
into the solids hopper. From here the solids transfer pump will pump them to the 
solids holding tank. The system on/off times will be dependent on the amount of 
solids removed in the system. Time is currently 5 minutes Off / 90 seconds On. 
ꞏ After the rake cycle is complete, you should see a small amount of water near the 
rear of the system, and/or near the water inlet. If the solid blanket is too thick, the 
On/Off times should be adjusted to come on more often. If the top of the unit is 
completely cleared of solids, decrease the timer to prevent excess water in the solids 
tank. 
 
CONTROL LOGIC: 
MANUAL: Rakes will operate. Solids Pump will start if in Auto 
AUTO: Will operate on Timer when Nikuni Pump is running. Solids Pump will start if in Auto 
ALARM RESET: Acknowledge alarm on touch screen and press reset button on panel. 
 
 

C. BOTTOM CONE  
 
PURPOSE: Remove Solids settled to the bottom  
GOAL: Remove settled solids with least amount of water without allowing solids to collect in system.  
STRATEGY: To monitor bottom collection of solids and adjust Cone On/Off timers.  
SETPOINTS: Cone Off time = 30 Minutes, Cone On time = 5 Seconds  
 
FIRST STARTUP:  

1) Check Solenoid Valve operation  
2) Open main air line to Solenoid Valves on the Solenoid Manifold  
3) Turn Trench Drain Pump to Auto.  

 
OPERATION:  

• While the DAF unit is processing water, the Bottom Cones will operate in the AUTO 
mode on a cycle timer. This timer can be adjusted on the Control Panel. As the 
solids are generated in the bottom cones of the DAF, the valve will come on and 
drain the solids. The cones should have a common “Off” time and individual set 
points for the “On” times. The valves should be controlled so that only one valve will 
be opened at a time. If excessive solids carry over in the effluent is occurring, the 
cones may need to be purged more often or for longer durations. Current Setting is 
30 minutes closed and 5 seconds open 

• All cones can be opened to drain the unit for cleaning or maintenance.  
 

CONTROL LOGIC:  
MANUAL: Corresponding Cone will open. Trench Drain Pump will start if in Auto  
AUTO: Will operate on Timer when Nikuni Pump is running. Solids Pump will start if in Auto. . 



 

 



 

 

3) DAF Control Panel 
 
The DAF Control Panel is located on the main panel at floor level and on the catwalk at 
the rear of the DAF. The “PAGE LIST” Screen has all of the available screens used for 
operation of the different components listed in the manual. Each screen for the “DAF 
Layout” has a touch feature that allows for settings to be changed. With all components 
set in “AUTO” they will start automatically when the influent flowmeter senses flow from 
the DAF Feed Forward Pumps located in the offal room. 
 
The different screens are as follows: 
 

A. DAF Layout screen provides 1) the influent flow rate in GPM 2) Two - 24 hour 
flow totalizer readings 3) Sludge Hopper level 4) Rake Motor speed 5) Nikuni 
Pump selection 6) Nikuni Pump pressure 7) Cone Drain Valve status 
Adjustments cannot be made from this screen.   

 
B. Rake / Solids Control screen has the options for Auto / Manual for these two 

features. The On / Off times for each can be adjusted from this screen. Also the 
motor speeds can be adjusted. See section on “TOP SOLIDS RAKE” for specific 
instructions. 
 

C. Nikuni Controls screen has the options to select Pump A or Pump B and Auto 
or Manual operation. 
 

D. Cone Controls screen has the Auto / Manual selection and time On / Off 
selection 
 

E. Coag Controls screen has the Auto or Manual selection. In Manual the motor 
speed can be selected. In Auto mode the part per million (ppm) added can be 
selected. The pump size is set at 1272 GPD and the Percent Stroke is set at 
25%. The Auto setpoint is 75-100 ppm for the level that provides the desirable 
result. 
 

F. Anionic Polymer Pump Controls screen has the Auto or Manual selection. In 
Manual the motor speed can be selected. In Auto mode the part per million (ppm) 
added can be selected.  The Pump Size is set at 24 GPM and the concentration 
is set at 0.3%. The recommended setpoint is 5 ppm. 
 



 

 
 

 

G. Cat Polymer Pump Controls screen has the Auto or Manual selection. In 
Manual the motor speed can be selected. In Auto mode the part per million (ppm) 
added can be selected. In Manual the motor speed can be selected. The Pump 
Size is 23 GPM and the Concentration is 0.3%. The setpoint is 8 ppm. 
 

H. Coag Tank screen provides a level in gallons for the RS 7780 Coagulant. 
 

I. Cat Tank Controls screen has levels for each of the two Mix Tanks and the Day 
Tank. When the Mix Tank has all of its contents transferred to the Day Tank, it 
will “Alarm” the respective Mix Tank (A or B) for attention. From this screen press 
“Acknowledge” and the water valve will open, and then close at 1800 gallons. 
Acknowledge the alarm again and the mixer will start and the water valve will re-
open. Add the polymer immediately. The water will shut off at 2450 gallons. This 
screen also has a “MANUAL TRANSFER” switch to manually transfer the Mix 
Tank to the Day Tank. For a Mix Tank to function the “ONLINE” green display 
must be selected.  
 

J. Anionic Tank Controls screen has levels for the Mix Tank and the Day Tank. 
When the Mix Tank has all of its contents transferred to the Day Tank, it will 
“Alarm” the Mix Tank for attention. From this screen press “Acknowledge” and 
the water valve will open, and then close at 1800 gallons. Acknowledge the alarm 
again and the mixer will start and the water valve will re-open. Add the polymer 
immediately. The water will shut off at 2450 gallons. This screen also has a 
“MANUAL TRANSFER” switch to manually transfer the Mix Tank to the Day 
Tank. For a Mix Tank to function the “ONLINE” green display must be selected.  
 

K. Setpoints screen has selectable levels for polymer mix tanks and polymer mixer 
run time. Current setpoints are: 1) Low Level = 250 Gal 2) Max Level = 2450 Gal 
3) Mix Time = 60 Min 
 

L. Trench Pump Trailer Pad screen has Auto or Manual selection for this pump 
which is located at the right rear corner of the drain pad. This pump transfers 
truck drainage to the rendering plant wastewater collection. It is float controlled 
and times out after 15 minutes of a significant rain event. 



 

 

 
 
 

4) Chemical Treatment 
 

A. Coagulation 
 

1) Coagulation of the fats and proteins is provided by the RS 7780 located in the 
6000 gallon tank and applied with one of two Milton Roy SG52 Metering 
Pumps located by the storage tank. These pumps are switched on in the DAF 
control panel and can be operated in “auto” or “Manual” mode. In “Auto” mode 
treatment has occurred best at 75-100 ppm. In Manual mode the RS 7780 is 
set at 60%. 

  

B. Polymer Mixing / Flocculation 
 

1. Polymer Mixing is conducted when the mix tank is in the second fill alarm that 
has been “Acknowledged” causing the water valve and mixer to activate. The 
2 inch valve is closed and the ¾ inch valve to the PolySperse Funnel is 
opened. With all of these steps initiated, slowly add the contents of one bag of 
polymer to its respective tank. The RS 710 is the Cationic and the RS 425 is 
the Anionic. DO NOT ALLOW THESE PRODUCTS TO MIX WITH EACH 
OTHER. They will neutralize the charge from each and will be ineffective. The 
mixer will automatically turn off after one hour and the polymer is ready to 
transfer. 

2. In Auto mode the RS 710 appears to work at 8-10 ppm and the RS 425 at 5 
ppm. This is just a starting point and adjustment may be required for clear, 
red effluent and low moisture solids. In manual mode, the RS 710 is set at 
25% and the RS 425 at 15%. 

 

5) Record Keeping 
 
A daily log sheet is provided for all of the listed parameters to be recorded. This 
will allow daily flow, chemical inventory and treatment cost to be tracked. 
 



 

 
 
 

6) DAF Cleaning Procedure 
 
The DAF should be cleaned weekly. Prior to draining the DAF, while the DAF is in 
operation, the Rake is switched to manual and as much solids as possible is removed. 
To drain the DAF, go to the Cone Controls screen and set one (1) drain to Manual to 
keep from flooding the Trench Pit. Allow the DAF to drain. Drain the other two cones 
and leave the valves in the open position. 
 
Dress in appropriate PPE with safety glasses and at a minimum. The DAF is ready to 
pre-rinse with warm water. Do not let the water temp exceed 125 degrees F as 
damage to the plastic will occur. After pre-rinsing add a good quality degreaser per 
suppliers instruction and let it soak for 10 minutes. Do not let degreaser dry on surface. 
Rinse and re-apply degreaser if needed. Make sure that all debris is removed from 
plastic pack inside DAF Tank. Remember: A dirty DAF runs dirty. 
 
After cleaning, close the Cone Drains and the DAF is ready to be put back into 
operation. 



 

 

 

OPERATION    NIKUNI PUMPS 
SHEET     PURPOSE:  To dissolve atmospheric air into water under pressure. 
 
 
 
                           GOAL: Draw  24 SCFH air into each pump.  Pressurize to 70-80 psi. 
    

STRATEGY To create a vacuum on suction side of the pump by throttling suction side        
valve to draw atmospheric air into the pump.  Then, pressurize the discharge side by 
throttling injection point valves (operation of injection point 
valves shown on WHITEWATER (WW) INJECTION POINT 
– Operation Sheet). 

 
          SETPOINTS: Control to ~24 scfh/pump 
              70-80 psi Discharge Pressure (D) 
 
    FIRST STARTUP: 

1)       Fully Open Suction Valves (A) 
2)       Fully Open Isolation Valves  on DAF Header Pipe.  
3)       Fully Open WW Injection Valves (WW page)  
4)       Turn Nikuni Pump On Auto on HMI 
5)       Throttle Valves (WW page) to develop back pressure   (C) 

 
Throttle Valves (A) to achieve 180 scfh on air flowmeter (D).  Vacuum (E) may be            
5-20 in HG 

6)       Fine tune pressure with valves (WW) to achieve 70-80 psi at (C)  
 
OPERATION: 

• Pumps will start and stop with flow and no need for adjustment.   
• Occasionally buildup will restrict throttled valves (A) and (WW), causing setpoints to 

be lost – Purge valves by throttling open and resetting when this occurs.  This may 
require a full reset of valve positions at times. 

  
CONTROL LOGIC: 

HAND:  Pumps will operate except if discharge pressure (C) reaches 100 psi at any 
instant or if <10 for more than 2 seconds.  Conditions shut pump off and cause 
an alarm. 

 Solenoid on back of (D) is closed upon pump off and opens 10 seconds after 
pump turns on.  (This prevents too much air into pump at startup.) 

AUTO  Same protection exists on low and high pressures (C) as in Hand. 
 Same solenoid functionality as Hand. 

Pumps will operate when DAF feed pumps are running. 
 

WW  A 

C 

D 



 

 

 

OPERATION    TOP SOLIDS RAKE 
SHEET     PURPOSE:  Remove Solids Floated to the Surface 
 
 
 
GOAL:  Remove solids with least amount of excess water without allowing solids to collect in system.  
    
STRATEGY:   To monitor collection of solids and adjust Rake ON/OFF timers.  
 
SETPOINTS:  Rake OFF time in Minutes 
  Rake ON time in Seconds   
FIRST STARTUP:  
 

1) Check Rotation of Drive Motor 
2) Check chain Tension.  Adjust at take-up frame bearings if Necessary. 
3) Put  Solids Removal pump in Auto.  

OPERATION: 
• While the DAF unit is processing water, the Top Solids Rake will operate in the 

AUTO mode on a cycle timer.  This timer can be adjusted on the HMI.  As the solids 
are generated on the top of the DAF, the rake drive will come on and wipe the solids 
into the solids hopper.  From here the solids transfer pump will pump them to the 
solids holding tank.  The system on/off times will be dependent on the amount of 
solids removed in the system.   

• After the rake cycle is complete, you should see a small amount of water near the 
rear of the system, and/or near the water inlet.  If the solid blanket is too thick, the 
on/off times should be adjusted to come on more often.  If the top of the unit is 
completely cleared of solids, decrease the timer to prevent excess water in the solids 
tank.    

CONTROL LOGIC: 
HAND:  Rakes  will operate. 
 Solids Pump will start if in Auto 
AUTO:  Will operate on Timer when Nikuni Pump is Running.  
 Solids Pump will start if in Auto 
ALARM RESET:  

Acknowledge alarm on touch screen and press reset button on panel.   



 

 

 

OPERATION    EFFLUENT WEIR ADJUSTMENT 
SHEET      
 

 
    





  
                             ENGINEERED SYSTEMS & PRODUCTS 
                             MOUNTAIRE FARMS – MILLSBORO, DE 
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                             PACKAGE: EAX2-200-400-125HP 
                             SUBMITTALS 
 

 
                        Dresser ROOTS, 16240 Port Northwest Drive _ Houston, TX 77041 _ 

Phone: 832.590.2600 _ Fax: 832.590.2325 _ www.rootsblower.com 





 
 
  
                         DESIGN CONDITIONS @ ACTUAL DRIVE RPM 
 
 
 ROOTS BLOWER PERFORMANCE REPORT :  Program Version 6.19  Release Date 6/15/2011 
 Program Mode: SELECTION   Run Date: 12/13/2011 
     >>>>>>>>>  Easy Air X2 Selection Report  <<<<<<<< 
      
 AMBIENT CONDITIONS: 
     Gas                             AIR 
     Relative Humidity               90% 
     Molecular Weight                28.256 
     k-Value                         1.388 
     Specific Gravity                .975 
     Ambient Temperature             104         deg F 
     Ambient Pressure                14.67       PSIA 
     Elevation                       52          feet 
 STANDARD CONDITIONS: 
     Pressure                        14.7        PSIA 
     Temperature                     68          deg F 
     Relative Humidity               36          % 
      
 SELECTED UNIT DETAIL:                                 Model  400 RAM X 
                                                                 
     Speed, RPM                                               2856     80.2% 
     System Inlet Volume, ICFM                                1598      
     Actual Blower Inlet Volume, ICFM                         1608     +/-5% 
     Standard Volume, SCFM                                    1407 
     System Inlet Temperature, deg F                          104.0     
     System Inlet Pressure, PSIA                              14.670 
     Inlet Pressure Losses, PSI                               0.101    Calc 
     Blower Inlet Pressure, PSIA                              14.569   Calc 
     Blower Discharge Pressure, PSIG                          9.642    Calc 
     Discharge Press. Losses, PSI                             0.142    Calc 
     System Discharge Pressure, PSIG                          9.500 
     Blower Diff. Press., PSI                                 9.743    65.0% 
     Power @Blower Shaft, BHP                                 84.39    +/-5% 
     Power @Mtr Shft, BHP                                     90.38 
     Temperature Rise, deg F                                  126.3    54.9% 
     Discharge Temperature, deg F                             230.3 
     System Discharge Volume, ACFM                            1179 
     Relief Valve Setting, PSIG                               10.5     68.4% 
     Power, Blower @ RV Setting, BHP                          92.60     
     Power, Motor Shaft @RV Accumul, BHP                      101.86    
     Temp. Rise @ Relief Setting, deg F                       139.8    60.8% 
     Disch. Temp @ Relief Setting, deg F                      243.8 
     V-Belt: Est. B10 Brg Life, hours                         795556    
      
      
 SELECTED PACKAGE DETAIL:  EasyAir X2       Model Series:  EAX2 200 
     Size (w x d x h)                       66.93in x 70.87in x 80.70in 
     Est. Free Field Noise w/ encl          78.6 dBa @ design speed conditions 
     Measured as sound press. level per ISO 2151:2004E with +/-3 dBA tol. 
   



                                                        BLOWER CURVE 
 
 
 
 
 
 

 





 
 
                     BLOWER MINIMUM SPEED FOR VFD APPLICATION 
 
 
 
 ROOTS BLOWER PERFORMANCE REPORT :  Program Version 6.19  Release Date 6/15/2011 
 Program Mode: SELECTION   Run Date: 12/13/2011 
     >>>>>>>>>  Easy Air X2 Selection Report  <<<<<<<< 
      
 AMBIENT CONDITIONS: 
     Gas                             AIR 
     Relative Humidity               90% 
     Molecular Weight                28.256 
     k-Value                         1.388 
     Specific Gravity                .975 
     Ambient Temperature             104         deg F 
     Ambient Pressure                14.67       PSIA 
     Elevation                       52          feet 
 STANDARD CONDITIONS: 
     Pressure                        14.7        PSIA 
     Temperature                     68          deg F 
     Relative Humidity               36          % 
      
 SELECTED UNIT DETAIL:                                 Model  400 RAM X 
                                                               
     Speed, RPM                                               1178     33.1% 
     System Inlet Volume, ICFM                                500       
     Actual Blower Inlet Volume, ICFM                         502      +/-7% 
     Standard Volume, SCFM                                    440 
     System Inlet Temperature, deg F                          104.0     
     System Inlet Pressure, PSIA                              14.670 
     Inlet Pressure Losses, PSI                               0.010    Calc 
     Blower Inlet Pressure, PSIA                              14.660   Calc 
     Blower Discharge Pressure, PSIG                          9.515    Calc 
     Discharge Press. Losses, PSI                             0.015    Calc 
     System Discharge Pressure, PSIG                          9.500 
     Blower Diff. Press., PSI                                 9.525    63.5% 
     Power @Blower Shaft, BHP                                 32.68    +/-5% 
     Power @Mtr Shft, BHP                                     35.00 
     Temperature Rise, deg F                                  155.9    67.8% 
     Discharge Temperature, deg F                             259.9 
     System Discharge Volume, ACFM                            388 
     Relief Valve Setting, PSIG                               10.5     67.8% 
     Power, Blower @ RV Setting, BHP                          36.07     
     Power, Motor Shaft @RV Accumul, BHP                      39.68     
     Temp. Rise @ Relief Setting, deg F                       177.1    77.0% 
     Disch. Temp @ Relief Setting, deg F                      281.1 
     V-Belt: Est. B10 Brg Life, hours                         2079486   
  
      
 SELECTED PACKAGE DETAIL:  EasyAir X2       Model Series:  EAX2 200 
     Size (w x d x h)                       66.93in x 70.87in x 80.70in 
     Est. Free Field Noise w/ encl          71.2 dBa @ design speed conditions 
     Measured as sound press. level per ISO 2151:2004E with +/-3 dBA tol. 
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WARNING: To ensure that drive is not unexpectedly started, turn off and lock out 
or tag power source before proceeding. Failure to observe these precautions could 
result in bodily injury.

Figure 1 - Conventional Mounting Figure 2 - Reverse Mounting

INSTALLATION:
Clean shaft, product bore, bushing, tapered surface and bushing bore of oil, paint dirt, etc.1. 

CAUTION: DO NOT USE LUBRICANTS. The use of lubricants can cause product 
breakage during installation.

QD bushing sizes JA thru W (see table on page 2) may be assembled in either conventional 2. 
or reverse mounting. Size H must be assembled in conventional mounting position only.

CAUTION: When mounting a product on size M thru S bushings, the hub jack holes 
should be positioned away from the bushing saw slot to reduce the possibility of 
bushing breakage and insert cap screws through drilled holes in hub.

Conventional Mounting (Fig. 1): Place bushing in hub. Tighten cap screws finger tight into 
threaded holes in bushing flange.

Reverse Mounting (Fig. 2): Place bushing in hub and insert cap screws thru drilled holes in 
bushing flange. Tighten cap screws finger tight into threaded holes in hub.

With key on shaft, slide loosely assembled unit onto shaft so that cap screw heads are on the 3. 
outside. Locate unit in desired position on shaft. When using conventional mounting for large 
or heavy parts, it may be easier to mount the key and bushing on the shaft first, then place 
the product on the bushing aligning the holes and installing the cap screws.

WARNING: When mounting on a vertical shaft, insure that the products and/or bushing 
do not drop during installation.

Tighten cap screws alternately and evenly to the wrench torque specified in table below. 4. 

Note: When tightened there will be a 1/8” to 1/4” gap between bushing flange and hub. Should 
this gap close, then either undersize shafting or wrong bushing shaft size is indicated.

CAUTION: Excessive screw torque may cause damage to either bushing and/or product.

Tighten setscrew over key to torque value listed below.5. 

Warning: Because of the possible danger to person(s) or property from accidents, which may result from 
the improper use of products. It is important that correct procedures be followed. Products must be used 
in accordance with the engineering information specified in the catalog. Proper installation, maintenance 
and operation procedures must be observed. The instructions in the instruction manual must be followed. 
Inspections should be made as necessary to assure safe operation under prevailing conditions. Proper 
guard and other suitable safety devices or procedures as may be desirable or as may be specified in safety 
codes should be provided and are neither provided by Baldor Electric Company nor are the responsibility 
of Baldor Electric Company or the manufacturer of this component. This unit and its associated equipment 
must be installed, adjusted and maintained by qualified personnel who are familiar with the construction 
and operation of all equipment in the system and the potential hazards involved. When risk to persons or 
property may be involved, a holding device must be an integral part of the driven equipment beyond the 
speed reducer output shaft.

QD* Bushings
These instructions must be read thoroughly before installation or operation.
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REMOVAL
Remove all cap screws.1. 
Install cap screws into threaded jack holes.2. 
Tighten all jackscrews alternately and evenly, beginning with screw farthest from bushing 3. 
saw slot, until bushing grip is released. Slide unit off shaft.

CAUTION: Excessive screw torque may cause damage to either bushing and/or product. 
Uneven pressure on jackscrews may also damage the bushing flange making removal difficult 
without damage to the product.

Recommended Torque - English Recommended Torque - Metric

Cap Screws Key Seat Set 
Screws

Cap Screws Key Seat Set 
Screws

Bushing Size lb-in Size lb-in Bushing Size N-m Size N-m

QT 1/4–20 × 7/8 90 #10-24 36 QT M6 × 1 × 25 5.6 – –

JA #10–24 × 1 60 #10-24 36 JA M5 × 0.8 × 22 9.6 – –

SH 1/4–20 × 1-3/8 108 1/4–20 87 SH M6 × 1 × 35 11.5 M6 × 1 7.7

SDS 1/4–20 × 1-3/8 108 1/4–20 87 SDS M6 × 1 × 35 11.5 M6 × 1 7.7

SD 1/4–20 × 1-7/8 108 1/4–20 87 SD M6 × 1 × 50 11.5 M6 × 1 7.7

SK 5/16–18 × 2 180 1/4–20 87 SK M8 × 1.25 × 50 20.5 M6 × 1 7.7

SF 3/8–16 × 2 360 5/16-18 165 SF M10 × 1.5 × 50 34 M10 × 1.5 35

E 1/2–13 × 2-3/4 720 3/8–16 290 E M12 × 1.75 × 70 77 M10 × 1.5 35

F 9/16–12 × 3-5/8 900 3/8–16 290 F M14 × 2 × 100 100 M10 × 1.5 35

J 5/8–11 × 4-1/2 1620 3/8-16 290 J M16 × 2 × 120 194.5 M12 × 1.75 55

M 3/4–10 × 7 2700 3/8-16 290 M M20 × 2.5 × 180 256 M12 × 1.75 55

N 7/8–9 × 8 3600 1/2-13 620 N – – – –

P 1–8 × 9–1/2 5400 5/8–11 1325 P – – – –

W 1-1/8–7 × 11-1/2 7200 1-8 5000 W – – – –

S 1-1/4–7 × 15-1/2 9000 1-1/4–7 7600 S – – – –

Bag of Hardware (Includes 3 cap screws and 3 washers)

Bushing Part Numbers - English Bushing Part Numbers - Metric

QT 411682 QT 411801

JA 411683 JA 411802

SH 411684 SH 411803

SDS 411684 SDS 411803

SD 411685 SD 411805

SK 411686 SK 411806

SF 411687 SF 411807

E 411688 E 411808

F 411689 F 411809

J 411690 J 411810

M 411691 M 411811

N 411692 N 411812

P 411693 P 411813

*4049-0310*
*QD is a registered trademark of EMERSON
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Consult factory for guidance in product selection
Phone (203) 385-0217, Fax (203) 385-0602 or 
visit our web site at www.ashcroft.com

STANDARD RANGES (3)(4)(5)

 Pressure    
 psi    kg/cm2 - bar       kPa

0/15

0/30 
 0/60
 0/100
 0/160
 0/200
 0/300
 0/400
 0/600
 0/800
 0/1000
 0/1500
 0/2000
 0/3000
 0/4000
 0/5000
 0/6000  
 0/7500  
 0/10,000  
 0/15,000  
 Vacuum
 30 in./0 in.Hg  –1/0 –100/0
 Compound
 30 in.Hg/15 psi  –1/0/1.5 –100/0/150
 30 in.Hg /30 psi  –1/0/3 –100/0/300
 30 in.Hg /60 psi  –1/0/5 –100/0/500
 30 in.Hg /100 psi  –1/0/9 –100/0/900
 30 in.Hg /150 psi  –1/0/15 –100/0/1500
 30 in.Hg /300 psi  –1/0/24 –100/0/2400

Duralife® Pressure Gauge 
Type 1009, ASME B 40.1
Grade 1A (±1% of span)

BOURDON SYSTEM SELECTION(1)

Ordering  Bourdon Tube   Socket Tube Range Selection NPT 
 Code   & Tip Material(1)  Material Type Limits (psi) Conn.(6)

 AW  316 stainless steel Bronze C-Tube Vac/600 1⁄1⁄1 4⁄4⁄

 AW  316 stainless steel Bronze Helical 1000 1⁄1⁄1 4⁄4⁄

 SW  316 stainless steel 316 stainless steel C-Tube Vac/600 1⁄1⁄1 4⁄4⁄  & 1⁄1⁄1 2⁄2⁄ (2)

 SW  316 stainless steel 316 stainless steel Helical 800/15,000 1⁄1⁄1 4⁄4⁄  & 1⁄1⁄1 2⁄2⁄ (2)

(1)  For selection of the correct Bourdon system material, see the  
media application table on page 243.
(2) 1⁄1⁄1 2⁄2⁄  NPT available 31⁄1⁄1 2⁄2⁄ ˝ lower SW system only.
(3) Type 1009 gauges may be ordered with metric single-scale 
 dial: kPa,bar or kg/cm2.

(4) Dual-scale dials will be supplied with standard metric inner 
 scale and equivalent psi outer scale or with standard psi inner 
 scale and equivalent metric outer scale–please specify.
(5) Special logos and scales available upon request.
(6) 1⁄1⁄1 4⁄4⁄ ˝ JIS, BSP or DIN threads available on SW systems. 

TO ORDER THIS 1009 DURALIFE PRESSURE GAUGE:

Select:  35 1009 SW (L) 02L XXX      1000#Select:  35 1009 SW (L) 02L XXX      1000#
1. Dial size–21⁄1⁄1 2⁄2⁄ ˝, 31⁄1⁄1 2⁄2⁄ ˝
2. Case type–1009
3. Tube and socket material
4. Liquid fi lled (glycerin), leave blank if dry
5. Connection size–1⁄1⁄1 8⁄8⁄  (01), 1⁄1⁄1 4⁄4⁄  (02) 1⁄1⁄1 2⁄2⁄  (04) 
6. Connection location–Lower (L), Back (B)
7.  Optional Features–see page 176  
8. Standard pressure range–1000 psi
 Accessories: see pages 233-238

0/1 0/100   

 0/1.6 0/160   0/1.6 0/160  

 0/2.5 0/250 0/2.5 0/250

 0/4 0/400 0/4 0/400

 0/6 0/600 0/6 0/600

 0/10 0/1000 0/10 0/1000

 0/16 0/1600 0/16 0/1600

 0/25 0/2500 0/25 0/2500

 0/40 0/4000 0/40 0/4000

 0/60 0/6000 0/60 0/6000

 0/100 0/10,000 0/100 0/10,000

 0/160 0/16,000 0/160 0/16,000

 0/250 0/25,000 0/250 0/25,000

 0/400 0/40,000 0/400 0/40,000

 0/600 0/60,000 0/600 0/60,000

 0/1000 0/100,000 0/1000 0/100,000

The following Table is not  for conversion purposes.

DESIGNED FOR SAFETY AND
LONGER LIFE
• 5-year limited warranty
• Patented PowerFlex™ movement 

isolates movement from shock and 
vibration for longer life

• All stainless, all-welded construc-
tion for long life

• ASME Grade 1A, 1% accuracy full 
scale

• True Zero™ pointer indication – 
no stop pin to mask false zero 
reading – ensures safety and 
 process control 

• New PLUS!™ Performance Option:™ Performance Option:™

- Liquid-fi lled performance in a dry 
gauge

- Fights vibration and pulsations 
without liquid-fi ll headaches

- See pages 6-7 for details
- Order as option XLL

OTHER FEATURES:

Available in 21⁄1⁄1 2⁄2⁄ ˝ and 3˝ and 3˝ 1⁄1⁄1 2⁄2⁄ ˝  dial sizes,˝  dial sizes,˝
Duralife® pressure gauges are liquid ® pressure gauges are liquid ®

fi llable and fi eld convertible for panel 
mounting. Both zero and span adjust-
ments are standard. 

The gauge is available dry, liquid-
fi lled weatherproof or hermetically 
sealed and now with now with now PLUS!™ per-™ per-™

formance option. A fi ve year limited 
 warranty is standard with the 
Duralife® 1009. ® 1009. ®
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Combining clean design, small size and low cost with enough accu-
racy for all but the most demanding applications our Minihelic® II gage
offers the latest in design features for a dial type differential pressure
gage. It is our most compact gage but is easy to read and can safely op-
erate at total pressures up to 30 psig. The Minihelic® II is designed for
panel mounting in a single 25⁄8" diameter hole. Standard pressure con-
nections are barbed fittings for 3⁄16" I.D. tubing; optional 1⁄8" male NPT
connections are also available. Over-pressure protection is built into the
Minihelic II® gage by means of a blow-out membrane molded in con-
junction with the diaphragm. Accidental over-ranging up to the rated
total pressure will not damage the gage. With removable lens and rear
housing, the gage may be easily serviced at minimum cost. 

With the housing molded from mineral and glass filled nylon and the
lens molded from polycarbonate, the gage will withstand rough use
and exposure as well as high total pressure. The 5% accuracy and low
cost of the Minihelic® II gage make it well-suited for a wide variety of
OEM and user applications. OEM applications include cabinet air
purging, medical respiratory therapy equipment, air samplers, lami-
nar flow hoods, and electronic air cooling systems. As an air filter
gage, the Minihelic® II gage finds many end use applications on large
stationary engines, compressors, ventilators, and air handling units.

The Minihelic® II gage is suitable for many of the same applications as
the Magnehelic® gage where the greater accuracy, sensitivity, and high-
er and lower differential pressure ranges of the Magnehelic® gage are
not required.

SPECIFICATIONS
Service: Air and compatible gases.
Wetted Materials: Consult factory.
Housing: Glass filled nylon; polycarbonate lens.
Accuracy: ±5% of full scale at 70°F (21.1°C).
Pressure Limits: 30 psig (2.067 bar) continuous to either pressure 
connection.
Temperature Limits: 20 to 120°F (-6.67 to 48.9°C).
Size: 2-1/16˝ (52.39 mm) diameter dial face.
Mounting Orientation: Diaphragm in vertical position.  Consult factory for
other position orientations.
Process Connections: Barbed, for 3/16˝ I.D. tubing (standard); 1/8˝ male
NPT (optional). 
Weight: 6 oz (170.1g).

CAUTION: FOR USE ONLY WITH AIR OR COMPATIBLE GASES.

The standard Minihelic® II gage is supplied
with two barbed pressure taps molded
into the rear housing of the gage. These
connections allow easy, fast connection to
the gage using 3⁄16" I.D. rubber or plastic
tubing. 

For applications in systems having higher
total operating pressures, optional male 1⁄8"
NPT pressure connections can be supplied.

Note the oblong over-pressure vent hole
on the back of the gage at the right of the
connections. This vent is sealed by a
membrane molded in conjunction with the
diaphragm and will blow out at approxi-
mately 75 psi. 

Patent No. 4,347,744

Dimensions, Series 2-5000 Minihelic® II Gage.
The Series 2-5000 Minihelic® II low differential pressure
gage provides excellent readability in a compact size.

PRESSURE CONNECTIONS

BA

A

B

Ø2-19/32
[65.88]

1-5/64*
[27.38]

2-5/16 [58.74]
MOUNTING HOLES

LOW 
PRESSURE

CONNECTION

HIGH
PRESSURE

CONNECTION

Ø9/64 [3.57]
x 3/4 [19.05]

DP TYP 2
PLACES

*1-3/64 [26.59] FOR OPTIONAL
  1/8 MALE  CONNECTIONS

Ø2-29/32
[73.81]

19/64
[7.54]

1-17/32
[38.89]

2-3/16
[55.56]

Minihelic® II Differential Pressure Gages
Combining High Accuracy, Compactness, Dependability, and Low Cost

Series
2-5000
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Housing is molded from strong mineral and
glass filled nylon.

Pointer stops of molded rubber prevent
pointer over-travel without damage.

Full view lens is removable and molded of
tough polycarbonate.

Aluminum scale litho-printed black on white,
enhances readability.

Red tipped aluminum pointer, rigidly
mounted to helix is easy to see.

Wishbone assembly provides mounting for
helix, helix bearings, and pointer shaft.

Jewel bearings provide virtually friction-free
helix motion.

Helix is free to rotate in jewel bearings. It
aligns with magnetic field of magnet to trans-
mit pressure indications to pointer.

Zero adjustment screw, located behind the
removable lens, eliminates tampering.

Range spring calibration clamp fixes live
length of spring for proper gage calibration
and is factory set and sealed.

Silicone rubber diaphragm allows accurate
response to a broad range of temperatures
and at extremely low pressure. Incorporates
blow out area for overpressure protection.

Diaphragm support plates of lightweight
aluminum on each side of the diaphragm min-
imize position or attitude sensitivity and help
define pressure area.

Flat leaf range spring reacts to pressure on
the diaphragm. Live length is adjustable for
calibration. Small amplitude of motion mini-
mizes inaccuracies and assures long life.

Low pressure tap connects to rear chamber.

Coil spring link provides a resilient connec-
tion between the diaphragm and the range
spring.

Ceramic magnet mounted on a molded
bracket at the end of the range spring rotates
the helix without direct mechanical linkage.

High pressure tap connects with the front
chamber through passageway in the plastic
case and a sealing ring molded into the edge
of the diaphragm.

Simplicity of Design Ensures Reliable Operation

Patent No. 4,347,744

Mounting hardware is supplied with the Minihelic® II
gage for panel mounting through a single hole, 2-
5/8˝ (67 mm) in diameter.  Panel thickness up to 1/2˝
(13 mm) can be accommodated with the hardware
supplied. If necessary, surface mounting of the gage
can be accomplished by means of two 4-40 screws
into the tapped mounting bracket stud holes in the
rear of the gage.  Surface mounting requires clear-
ance holes in the panel for the two pressure taps.

For optional 1⁄8" male NPT connections, add suffix -NPT to model numbers listed above. 
Example: 2-5001-NPT. No extra charge. 

PANEL MOUNTING MODELS

Model
Number

2-5000-0
2-5001
2-5002
2-5003
2-5005
2-5010
2-5020
2-5040
2-5060
2-5100

Model
Number

2-5000-25MM
2-5000-50MM
2-5000-100MM

Model
Number

2-5000-125Pa
2-5000-250Pa
2-5000-500Pa

Model
Number

2-5000-1 kPa
2-5000-3 kPa

Range,
Inches of 

Water

0-0.5
0-1.0
0-2.0
0-3.0
0-5.0
0-10
0-20
0-40
0-60
0-100

Model
Number

2-5205
2-5210
2-5215

*2-5230

Range,
PSI

0-5
0-10
0-15
0-30

Range,
MM of
Water

0-25
0-50
0-100

Range,
Pascals
0-125
0-250
0-500

Range,
kPa

0-1
0-3Accessories

A-434 Portable Kit . . . . . . 
A-497 Surface Mtg. Brkt. . . 
A-609 Air Filter Kit . . . . . . 

*THIS RANGE EMPLOYS SPIRALLY WOUND BERYLLIUM 
COPPER BOURDON TUBE POINTER DRIVE MECHANISM. 
NOTE: CONSULT FACTORY REGARDING AVAILABILITY OF
ADDITIONAL RANGES.
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SPECIFICATIONS 
CASE & RING - drawn stainless steel case with snap-in "O" ring gasketed 
clear lexan or glass window.  
DIAL - white coated aluminum with black markings.  
POINTER - slotted adjustable type which permits "zero set" calibration. 
BOURDON TUBE - precision geared brass movement and phosphor 
bronze tube. 
THERMAL SYSTEMS - available in nine standard types, with system 
lengths from 6 inches thru 100 feet. Materials for the case and ring assembly 
are as shown in the Coding Charts.  
PROCESS CONN. FITTING - separable socket, union or air duct flange 
connections.  
ACCURACY - one scale division throughout range. Built with NSF 
accuracy and compliance, see our complete listing at www.nsf.org.  
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Flexi-Hinge® Valve Co., Inc. 
1806 Asbury Road, Erie, PA  16505       

 814.833.9814   •   Fax 814.833.9817 
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PRESSURE LOSS CHARTS
WATER AND AIR APPLICATIONS

[SEE TECHNICAL SECTION FOR OTHER LIQUIDS AND GASES]

July 2000
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R3/RD3 Series                      R4/RD4 Series
Color                                       Deflection, in.

Type       Code      Max.Load, lbs.        R            RD

Black              250             
R3/RD3   Red                 525                 0.25        0.50 

Green             750 
Gray              1100                                

Color                                      Deflection, in.

Type       Code      Max.Load, lbs.       R           RD

Black             1500             
R4/RD4    Red                2250              0.25        0.50 

Green            3000 
Gray              4000                                
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The original ROOTS blower still leads the way™

RAM X™ Tri-Lobe Blowers
Models 155-1000

Installation, Operation & Maintenance

Contents
Information Summary ...........................................................1

Safety Precautions ................................................................3

Operating Limitations ............................................................3

Installation ...................................................................... 4 - 6

Lubrication ...........................................................................7

Operation .............................................................................8

Troubleshooting ....................................................................9

Inspection & Maintenance ...................................................10

Figures ....................................................................... 11 - 12

Tables ................................................................................13

Parts List ................................................................14, 17, 19

Assembly Drawings ........................................ 15 - 16, 18, 20

❏ Check shipment for damage. If found, file claim with 
carrier and notify Roots.

❏ Unpack shipment carefully, and check contents against 
Packing List. Notify Roots if a shortage appears.

❏ Store in a clean, dry location until ready for installation. 
Lift by methods discussed under INSTALLATION to avoid 
straining or distorting the equipment. Keep covers on 
all openings. Protect against weather and corrosion if 
outdoor storage is necessary.

❏ Read OPERATING LIMITATIONS and INSTALLATION 
sections in this manual and plan the complete installation.

❏ Provide for adequate safeguards against accidents to 
persons working on or near the equipment during both 
installation and operation. See SAFETY PRECAUTIONS.

❏ Install all equipment correctly. Foundation design must be 
adequate and piping carefully done. Use recommended 
accessories for operating protection.

❏ Make sure both driving and driven equipment is correctly 
lubricated before start-up. See LUBRICATION.

❏ In event of trouble during installation or operation, do 
not attempt repairs of Roots furnished equipment. Notify 
Roots, giving all nameplate information plus an outline 
of operating conditions and a description of the trouble. 
Unauthorized attempts at equipment repair may void 
Roots warranty.

❏ Units out of warranty may be repaired or adjusted by 
the owner. Good inspection and maintenance practices 
should reduce the need for repairs. 

NOTE: Information in this manual is correct as of the date of 
publication. Roots reserves the right to make design or material 
changes without notice, and without obligation to make similar 
changes on equipment of prior manufacture.

For your nearest Roots Office, dial our Customer Service Hot Line 
toll free in the U.S.; 1 877 363 ROOT(S) (7668) or direct 832-590-
2600.

Do These Things To Get The Most From Your ROOTS™ blower

ISRB-2008 rev. 0410
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Roots products are sold subject to the 
current General Terms of Sale, GTS-5001 and  

Warranty Policy WP-5020. Copies are 
available upon request. 

Contact your local Roots Office 
or Roots Customer Service 

Hot Line 1-877-363-ROOT(S) (7668) 
or direct 281-966-4700.
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Safety Precautions 
It is important that all personnel observe safety precautions to 
minimize the chances of injury. Among many considerations, 
the following should be particularly noted:

•	 Blower	casing	and	associated	piping	or	accessories	
may become hot enough to cause major skin burns on 
contact.

•	 Internal	and	external	rotating	parts	of	the	blower	and	
driving equipment can produce serious physical injuries. 
Do not reach into any opening in the blower while it is 
operating, or while subject to accidental starting. Protect 
external	moving	parts	with	adequate	guards.

•	 Disconnect	power	before	doing	any	work,	and	avoid	
bypassing or rendering inoperative any safety or protec-
tive devices.

•	 If	blower	is	operated	with	piping	disconnected,	place	a	
strong coarse screen over the inlet and avoid standing in 
the discharge air stream.  
CAUTION: Never cover the blower inlet with your 
hand or other part of body.

•	 Stay	clear	of	inlet	and	discharge	openings.

•	 Stay	clear	of	the	blast	from	pressure	relief	valves	and	the	
suction area of vacuum relief valves.

•	 Use	proper	care	and	good	procedures	in	handling,	lifting,	
installing, operating and maintaining the  equipment.

•	 Casing	pressure	must	not	exceed	25	PSI	(1725	mbar)	
gauge. Do not pressurize vented cavities from an 
external	source,	nor	restrict	the	vents	without	first	
consulting Roots.

•	 Do	not	use	air	blowers	on	explosive	or	hazardous	gases.

•	 Other	potential	hazards	to	safety	may	also	be	associated	
with operation of this equipment. All personnel working 
in or passing through the area should be trained to 
exercise	adequate	general	safety	precautions.

Operating Limitations 
A ROOTS™	blower	or	exhauster	must	be	operated	within	
certain approved limiting conditions to enable continued 
satisfactory performance. Warranty is contingent on such 
operation.

Maximum	limits	for	pressure,	temperature	and	speed	are	
specified in TABLE 1, page 13 for various models & sizes of 
blowers	&	exhausters.	These	limits	apply	to	all	units	of	normal	
construction, when operated under standard atmospheric 
conditions. Be sure to arrange connections or taps for 
instruments such as thermometers and pressure or vacuum 
gauges at or near the inlet and discharge connections of the 
unit. These, along with a tachometer, will enable periodic 
checks of operating conditions.

PRESSURE – The pressure rise, between inlet and dis-
charge,	must	not	exceed	the	figure	listed	for	the	specific	unit	
frame size concerned. Also, in any system where the unit inlet 
is	at	a	positive	pressure	above	atmosphere	a	maximum	case	
rating	of	25	PSI	gauge	(1725	mbar)	should	not	be	exceeded	
without	first	consulting	Roots.	Never	should	the	maximum	
allowable	differential	pressure	be	exceeded.

On vacuum service, with the discharge to atmospheric 
pressure, the inlet suction or vacuum must not be greater 
than values listed for the specific frame size.

TEMPERATURE	–	Blower	&	exhauster	frame	sizes	are	ap-
proved only for installations where the following temperature 
limitations can be maintained in service:

•	 Measured	temperature	rise	must	not	exceed	listed	
values when the inlet is at ambient temperature. Ambient 
is considered as the general temperature of the space 

 around the unit. This is not outdoor temperature unless 
the unit is installed outdoors.

•	 If	inlet	temperature	is	higher	than	ambient,	the	listed	
allowable temperature rise values must be reduced by 
2/3 of the difference between the actual measured inlet 
temperature and the ambient temperature.

•	 The	average	of	the	inlet	and	discharge	temperature	must	
not	exceed	250°F.	(121°C).	

•	 The	ambient	temperature	of	the	space	the	blower/motor	
is	installed	in	should	not	be	higher	than	120°F	(48.8°C).

SPEED	–	These	blowers	&	exhausters	may	be	operated	
at	speeds	up	to	the	maximum	listed	for	the	various	frame	
sizes. They may be direct coupled to suitable constant speed 
drivers if pressure/temperature conditions are also within 
limits.	At	low	speeds,	excessive	temperature	rise	may	be	a	
limiting factor. 

Special	Note:	The	listed	maximum	allowable	temperature	rise	
for	any	particular	blower	&	exhauster	may	occur	well	before	
its	maximum	pressure	or	vacuum	rating	is	reached.	This	may	
occur at high altitude, low vacuum or at very low speed. The 
units’	operating	limit	is	always	determined	by	the	maximum	
rating reached first. It can be any one of the three: Pressure, 
Temperature or Speed.
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Installation 
ROOTS™	blowers	&	exhausters	are	treated	after	factory	
assembly to protect against normal atmospheric corrosion. The 
maximum	period	of	internal	protection	is	considered	to	be	one	
year under average conditions, if shipping plugs & seals are not 
removed. Protection against chemical or salt water atmosphere 
is not provided. Avoid opening the unit until ready to start 
installation, as corrosion protection will be quickly lost due to 
evaporation.

If	there	is	to	be	an	extended	period	between	installation	
and start up, the following steps should be taken to ensure 
corrosion protection.

❏	 Coat	internals	of	cylinder,	gearbox	and	drive	end	bearing	
reservoir	with	Nox-Rust	VCI-10	or	equivalent.	Repeat	once	
a	year	or	as	conditions	may	require.	Nox-Rust	VCI-10	is	
petroleum soluble and does not have to be removed before 
lubricating. It may be obtained from Daubert Chemical Co., 
2000 Spring Rd., Oak Brook, Ill. 60521.

❏	 Paint	shaft	extension,	inlet	and	discharge	flanges,	and	all	
other	exposed	surfaces	with	Nox-Rust	X-110	or	equivalent.

❏ Seal inlet, discharge, and vent openings. It is not recom-
mended that the unit be set in place, piped to the system, 
and	allowed	to	remain	idle	for	extended	periods.	If	any	part	
is	left	open	to	the	atmosphere,	the	Nox-Rust	VCI-10	vapor	
will escape and lose its effectiveness.

❏	 Protect	units	from	excessive	vibration	during	storage.

❏ Rotate shaft three or four revolutions every two weeks.

❏ Prior to start up, remove flange covers on both inlet and 
discharge and inspect internals to insure absence of rust. 
Check all internal clearances. Also, at this time, remove 
gearbox	and	drive	end	bearing	cover	and	inspect	gear	
teeth and bearings for rust.

Because of the completely enclosed unit design, location of 
the installation is generally not a critical matter. A clean, dry and 
protected indoor location is preferred. However, an outdoor 
location will normally give satisfactory service. Important 
requirements are that the correct grade of lubricating oil be 
provided	for	expected	operating	temperatures,	and	that	the	
unit be located so that routine checking and servicing can be 
performed conveniently. Proper care in locating driver and 
accessory equipment must also be considered.

Supervision of the installation by a Roots Service Engineer is 
not	usually	required	for	these	units.	Workmen	with	experience	
in installing light to medium weight machinery should be able to 
produce satisfactory results. Handling of the equipment needs 
to be accomplished with care, and in compliance with safe 
practices. Unit mounting must be solid, without strain or twist, 
and air piping must be clean, accurately aligned and properly 
connected.

Bare-shaft Units: Two methods are used to handle a unit 
without base. One is to use lifting lugs bolted into the top of the 
unit headplates. Test them first for tightness and fractures by 
tapping with a hammer. In lifting, keep the direction of cable pull 
on these bolts as nearly vertical as possible. If lifting lugs are not 
available, lifting slings may be passed under the cylinder 

adjacent to the headplates. Either method prevents strain on 
the	extended	drive	shaft.

Packaged Units: When the unit is furnished mounted on a 
baseplate, with or without a driver, use of lifting slings passing 
under the base flanges is required. Arrange these slings so that 
no strains are placed on the unit casing or mounting feet, or 
on any mounted accessory equipment. DO NOT use the lifting 
lugs in the top of the unit headplates.

Before starting the installation, remove plugs, covers or seals 
from unit inlet and discharge connections and inspect the 
interior completely for foreign material. If cleaning is required, 
finish by washing the cylinder, headplates and impeller 
thoroughly with a petroleum solvent. Turn the drive shaft by 
hand to make sure that the impellers turn freely at all points. 
Anti-rust compound on the connection flanges and drive shaft 
extension	may	also	be	removed	at	this	time	with	the	same	
solvent. Cover the flanges until ready to connect piping. 

Mounting

Care will pay dividends when arranging the unit mounting. This 
is especially true when the unit is a “bare-shaft” unit furnished 
without a baseplate. The convenient procedure may be to 
mount such a unit directly on a floor or small concrete pad, but 
this generally produces the least satisfactory results. It definitely 
causes the most problems in leveling and alignment and 
may result in a “Soft Foot” condition. Correct soft foot before 
operation to avoid unnecessary loading on the casing and 
bearings. Direct use of building structural framing members is 
not recommended. 

For blowers without a base, it is recommended that a well 
anchored and carefully leveled steel or cast iron mounting 
plate be provided. The plate should be at least 1 inch (25 mm) 
thick, with its top surface machined flat, and large enough to 
provide leveling areas at one side and one end after the unit is 
mounted. It should have properly sized studs or tapped holes 
located to match the unit foot drilling. Proper use of a high 
quality machinist’s level is necessary for adequate installation.

With the mounting plate in place and leveled, set the unit on it 
without bolting and check for rocking. If it is not solid, determine 
the total thickness of shims required under one foot to stop 
rocking. Place half of this under each of the diagonally-opposite 
short feet, and tighten the mounting studs or screws. Rotate 
the drive shaft to make sure the impellers turn freely. If the unit 
is to be direct coupled to a driving motor, consider the height 
of the motor shaft and the necessity for it to be aligned very 
accurately with the unit shaft. Best unit arrangement is directly 
bolted to the mounting plate while the driver is on shims of at 
least 1/8 inch (3mm) thickness. This allows adjustment of motor 
position in final shaft alignment by varying the shim thickness.

Aligning

When unit and driver are factory mounted on a common 
baseplate, the assembly will have been properly aligned and is 
to be treated as a unit for leveling purposes. Satisfactory instal-
lation can be obtained by setting the baseplate on a concrete 
slab that is rigid and free of vibration, and leveling the top of 
the base carefully in two directions so that it is free of twist. The 
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slab must be provided with suitable anchor bolts. The use of 
grouting under and partly inside the leveled and shimmed base 
is recommended.

It is possible for a base-mounted assembly to become twisted 
during shipment, thus disturbing the original alignment. For this 
reason, make the following checks after the base has been 
leveled and bolted down. Disconnect the drive and rotate the 
unit shaft by hand. It should turn freely at all points. Loosen the 
unit foot hold-down screws and determine whether all feet are 
evenly in contact with the base. If not, insert shims as required 
and again check for free impeller rotation. Finally, if unit is direct 
coupled to the driver, check shaft and coupling alignment 
carefully and make any necessary corrections.

In planning the installation, and before setting the unit, consider 
how piping arrangements are dictated by the unit design and 
assembly. Drive shaft rotation must be established accordingly 
and is indicated by an arrow near the shaft.

Typical arrangement on vertical units has the drive shaft at the 
top with counterclockwise rotation and discharge to the left. 
Horizontal units are typically arranged with the drive shaft at 
the left with counterclockwise rotation and discharge down. 
See Figure 4 for other various unit arrangements and possible 
conversions.

When a unit is DIRECT COUPLED to its driver, the driver 
RPM	must	be	selected	or	governed	so	as	not	to	exceed	the	
maximum	speed	rating	of	the	unit.	Refer	to	Table	1,	page	13	for	
allowable speeds of various unit sizes. 

A	flexible	type	coupling	should	always	be	used	to	connect	the	
driver and unit shafts.

When direct coupling a motor or engine to a blower you must 
ensure there is sufficient gap between the coupling halves and 
the element to prevent thrust loading the blower bearings. 
When a motor, engine or blower is operated the shafts may 
expand	axially.	If	the	coupling	is	installed	in	such	a	manner	that	
there	is	not	enough	room	for	expansion	the	blower	shaft	can	be	
forced back into the blower and cause the impeller to contact 
the gear end headplate resulting in damage to the blower. The 
two shafts must be in as near perfect alignment in all directions 
as possible, and the gap must be established with the motor 
armature	on	its	electrical	center	if	end-play	exists.	Coupling	
manufacturer’s	recommendations	for	maximum	misalignment,	
although acceptable for the coupling, are normally too large to 
achieve	smooth	operation	and	maximum	life	of	the	blower.

The following requirements of a good installation are recom-
mended. When selecting a coupling to be fitted to the blower 
shaft Roots recommends a taper lock style coupling to ensure 
proper contact with the blower shaft. Coupling halves must 
be fitted to the two shafts with a line to line thru .001” interfer-
ence fit. Coupling halves must be warmed up per coupling 
manufacturer’s	recommendations.	Maximum	deviation	in	offset	
alignment	of	the	shafts	should	not	exceed	.005”	(.13	mm)	total	
indicator	reading,	taken	on	the	two	coupling	hubs.	Maximum	
deviation from parallel of the inside coupling faces should not 
exceed	.001”	(.03	mm)	when	checked	at	six	points	around	the	
coupling.

When	a	unit	is	BELT	DRIVEN,	the	proper	selection	of	sheave	
diameters will result in the required unit speed. When selecting 
a sheave to be fitted to the blower shaft ROOTS recommends a 
taper lock style sheave to insure proper contact with the blower 
shaft.	This	flexibility	can	lead	to	operating	temperature	problems	
caused by unit speed being too low. Make sure the drive speed 
selected is within the allowable range for the specific unit size, 
as specified under Table 1, page 13.

Belt	drive	arrangements	should	employ	two	or	more	V-belts	
running in grooved sheaves. Installation of the driver is less 
critical than for direct coupling, but its shaft must be level and 
parallel with the unit shaft. The driver should be mounted 
on the inlet side of a vertical unit (horizontal piping) and 
on the side nearest to the shaft on a horizontal unit. The 
driver must also be mounted on an adjustable base to permit 
installing,	adjusting	and	removing	the	V-belts.	To	position	the	
driver correctly, both sheaves need to be mounted on their 
shafts and the nominal shaft center distance known for the belt 
lengths to be used.

CAUTION: Drive couplings and sheaves (pulleys) should have 
an interference fit to the shaft of the blower (set screw types 
of attachment generally do not provide reliable service.) It is 
recommended that the drive coupling or sheave used have a 
taper lock style bushing which is properly sized to provide the 
correct interference fit required. Drive couplings, that require 
heating to fit on the blower shaft, should be installed per 
coupling manufacturer recommendations. A drive coupling or 
sheave should not be forced on to the shaft of the blower as 
this could affect internal clearances resulting in damage to the 
blower. 

Engine drive applications often require special con-
sideration to drive coupling selection to avoid harmful 
torsional vibrations. These vibrations may lead to blower 
damage if not dampened adequately. It is often neces-
sary to install a fly-wheel and/or a torsionally soft elastic 
element coupling based on the Engine manufacturer 
recommendations.

The driver sheave should also be mounted as close to its 
bearing as possible, and again should fit the shaft correctly. 
Position the driver on its adjustable base so that 2/3 of the total 
movement is available in the direction away from the unit, and 
mount the assembly so that the face of the sheave is accurately 
in line with the unit sheave. This position minimizes belt wear, 
and allows sufficient adjustment for both installing and tighten-
ing the belts. After belts are installed, adjust their tension in 
accordance with the manufacturer’s instructions. However, only 
enough tension should be applied to prevent slippage when the 
unit	is	operating	under	load.	Excessive	tightening	can	lead	to	
early bearing concerns or shaft breakage.

Before operating the drive under power to check initial belt 
tension, first remove covers from the unit connections. Make 
sure the interior is still clean, then rotate the shaft by hand. 
Place a coarse screen over the inlet connection to prevent 
anything being drawn into the unit while it is operating, and 
avoid standing in line with the discharge opening. Put oil in the 
sumps per instructions under LUBRICATION.
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Piping

Before connecting piping, remove any remaining anti-rust 
compound from Unit connections. Clean pipe should be no 
smaller than unit connections. In addition, make sure it is free 
of  scale, cuttings, weld beads, or foreign material of any kind. 
To further guard against damage to the unit, especially when 
an inlet filter is not used, install a substantial screen of 16 mesh 
backed with hardware cloth at or near the inlet connections. 
Make provisions to clean this screen of collected debris after a 
few hours of operation. It should be removed when its useful-
ness has ended, as the wire will eventually deteriorate and 
small pieces going into the unit may cause serious damage.

Pipe flanges or male threads must meet the unit connections 
accurately and squarely. DO NOT attempt to correct misalign-
ment by springing or cramping the pipe. In most cases this will 
distort the unit casing and cause impeller rubbing. In severe 
cases it can prevent operation or result in a broken drive shaft. 
For similar reasons, piping should be supported near the unit 
to	eliminate	dead	weight	strains.	Also,	if	pipe	expansion	is	
likely	to	occur	from	temperature	change,	installation	of	flexible	
connectors	or	expansion	joints	is	advisable.	

Figure 3, page 11 represents an installation with all accessory 
items that might be required under various operating condi-
tions. Inlet piping should be completely free of valves or other 
restrictions. When a shut-off valve can not be avoided, make 
sure a full size vacuum relief is installed nearest the unit inlet. 
This will protect against unit overload caused by accidental 
closing of the shut-off valve.

Need for an inlet silencer will depend on unit speed and 
pressure, as well as sound-level requirements in the general 

surroundings. An inlet filter is recommended, especially in 
dusty or sandy locations. A discharge silencer is also normally 
suggested, even though Whispair units operate at generally 
lower noise levels than conventional rotary blowers. Specific 
recommendations on silencing can be obtained from your local 
Roots distributor.

Discharge piping requires a pressure relief valve, and should 
include a manual unloading valve to permit starting the unit 
under no-load conditions. Reliable pressure/vacuum gauges 
and good thermometers at both inlet and discharge are 
recommended to allow making the important checks on unit 
operating conditions. The back-pressure regulator shown in 
Figure 3, page 11 is useful mainly when volume demands 
vary while the unit operates at constant output. If demand is 
constant,	but	somewhat	lower	than	the	unit	output,	excess	
may be blown off through the manual unloading valve.

In multiple unit installations where two or more units 
operate with a common header, use of check valves 
is mandatory. These should be of a direct acting or free 
swinging type, with one valve located in each line between the 
unit and header. Properly installed, they will protect against 
damage from reverse rotation caused by air and material 
back-flow through an idle unit.

After piping is completed, and before applying power, rotate 
the drive shaft by hand again. If it does not move with uniform 
freedom,	look	for	uneven	mounting,	piping	strain,	excessive	
belt tension or coupling misalignment.

DO NOT operate the unit at this time unless it has been 
lubricated per instructions.

Acceptable Blower Drive Arrangement Options
Acceptable Unacceptable
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Lubrication
Due to sludge build-up and seal leakage problems, 
Roots recommendation is DO NOT USE Mobil SHC 
synthetic oils in Roots blowers.

LUBRICATION: For Units with Splash Lubrication on 
Both Ends.

•	 The	specified	and	recommended	oil	is	ROOTS®	
Synthetic oil of correct viscosity per Table 2, page 13.

•	 The	proper	oil	level	should	be	half	way	or	middle	of	the	
sight gauge when the blower is not operating. DO NOT 
OVERFILL OIL SUMP/S as damage to the blower may 
occur.

•	 Oil	level	may	rise	or	fall	in	the	gauge	during	operation	to	
an	extent	depending	somewhat	on	oil	temperature	and	
blower speed.

•	 It	is	recommended	that	the	oil	be	changed	after	initial	
100 hours of operation.

•	 Proper	service	intervals	of	the	oil	thereafter	are	based	on	
the discharge air temperature of the blower. Please refer 
to the information below to properly determine the oil 
service intervals.

•	 If	you	choose	to	use	another	oil	other	than	the	specified	
and	recommended	ROOTS®	Synthetic,	use	a	good	
grade of industrial type non-detergent, rust inhibiting, 
anti-foaming oil and of correct viscosity per Table 2, 
page 13.

•	 Roots	does	NOT recommend the use of automotive 
type lubricants, as they are not formulated with the 
properties mentioned above.

Normal	life	expectancy	of	the	specified	and	recommended	
ROOTS®	Synthetic	oil	is	approximately	6000	hours	with	
an	oil	temperature	of	180°F	(82°C)	or	less.	As	the	oil	
temperature	increases	by	increments	of	15°F	(8°C),	the	oil	life	
is	reduced	by	half	for	each	15°F	(8°C)	increase.	Example:	Oil	
temperatures	of	195°F	(90.5°C)	will	produce	a	life	expectancy	
reduced by half or 3000 hours oil service life.

Normal	life	expectancy	of	petroleum	based	oils	is	about	2000	
hours	with	an	oil	temperature	of	about	180°F	(82°C).	As	the	
oil	temperature	increases	by	increments	of	15°F	(8°C),	the	life	
is	reduced	by	half	for	each	15°F	(8°C)	increase.	Example:	Oil	
temperatures	of	195°F	(90.5°C)	will	produce	life	expectancy	
reduced by half or 1000 hours oil service life.

NOTE: To estimate oil temperature, multiply the discharge 
temperature	of	the	blower	by	0.88.	Example:	if	the	discharge	
air	temperature	of	the	blower	is	200°	F,	it	is	estimated	that	
the	oil	temperature	is	176°	F.	

High ambient temperatures contribute to increased lubrication 
sump temperatures. In situations such as blowers in a enclo-
sure,	blowers	exposed	to	radiant	heat	from	other	sources,	
blowers installed in areas with poor air circulation or ambient 
temperatures	above	80°F	the	lubrication	sump	temperature	
should be measured rather than fully rely on the calculation.

Bearings and oil seals are lubricated by the action of the 
timing gears or oil slingers which dip into the main oil sumps 
causing oil to splash directly on gears and into bearings and 
seals. A drain port is provided below each bearing to prevent 
an	excessive	amount	of	oil	in	the	bearings.	Seals	located	
inboard of the bearings in each headplate effectively retain 
oilwithin the sumps. Any small leakage that may occur should 
the seals wear passes into a cavity in each vented headplate 
and is drained downward. Oil sumps on each end of the 
blower are filled by removing top vent plugs, Item (21), and 
filling until oil reaches the middle of the oil level sight gauge, 
Item (37). 

Initial filling of the sumps should be accomplished with the 
blower not operating, in order to obtain the correct oil level. 
Approximate	oil	quantities	required	for	blowers	of	the	various	
models and configurations are listed in Table 3, page 13.

The oil level should not fall below the middle of the site gauge 
when the blower is idle.

Proper lubrication is usually the most important single 
consideration	in	obtaining	maximum	service	life	and	satisfac-
tory operation from the unit. Unless operating conditions are 
severe, a weekly check of oil level and necessary addition of 
lubricant should be sufficient. During the first week of opera-
tion, check the oil levels in the oil sumps about once a day, 
and watch for leaks. Replenish as necessary. Thereafter, an 
occasional check should be sufficient.

More frequent oil service may be necessary if the blower is 
operated in a very dusty location.

*ROOTS®	Synthetic	oil	is	superior	in	performance	to	
petroleum	based	products.	It	has	high	oxidation	stability,	
excellent	corrosion	protection,	extremely	high	film	strength	
and low coefficient of friction. Typical oil change intervals are 
increased 2-3 times over petroleum based lubricants. Also, 
ROOTS®	Synthetic	oil	is	100%	compatible	with	petroleum	
based oils. Simply drain the oil in the blower and refill the 
reservoirs	with	ROOTS®	Synthetic	oil	to	maintain	optimum	
performance of your ROOTS™ blower.
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Operation
Before operating a blower under power for the first time, 
recheck the unit and the installation thoroughly to reduce the 
likelihood of avoidable troubles. Use the following procedure 
check list as a guide, but consider any other special condi-
tions in the installation.

❏ Be certain that no bolts, tools, rags, or debris have been 
left in the blower air chamber or piping.

❏ If an outdoor intake without filter is used, be sure 
the opening is located so it cannot pick up dirt and is pro-
tected by a strong screen or grille. Use of the temporary 
protective screen as described under INSTALLATION is 
strongly recommended.

❏ Recheck blower leveling, drive alignment and tightness of 
all mounting bolts if installation is not recent. If belt drive is 
used, adjust belt tension correctly.

❏ Turn drive shaft by hand to make sure impellers still rotate 
without bumping or rubbing at any point.

❏ Ensure oil levels in the main oil sumps are correct.

❏ Check lubrication of driver. If it is an electric motor, be 
sure that power is available and that electrical overload 
devices are installed and workable.

❏ Open the manual unloading valve in the discharge air line. 
If a valve is in the inlet piping, be sure it is open.

❏ Bump blower a few revolutions with driver to check that 
direction of rotation agrees with arrow near blower shaft, 
and that both coast freely to a stop.

After the preceding points are cleared, blower is ready for trial 
operation under “no-load” conditions. The following proce-
dure is suggested to cover this initial operation test period.

a. Start blower, let it accelerate to full speed, then shut off. 
Listen for knocking sounds, both with power on and as 
speed slows down.

b. After blower comes to a complete stop, repeat above, 
but let blower run 2 or 3 minutes. Check for noises, such 
as knocking sounds.

c. After blower comes to a complete stop, operate 
blower for about 10 minutes unloaded. Check oil levels. 
Observe cylinder and headplate surfaces for develop-
ment of hot spots such as burned paint, indicating 
impeller rubs. Be aware of any noticeable increase in 
vibration.

Assuming that all trials have been satisfactory, or that neces-
sary corrections have been made, the blower should now 
have a final check run of at least one hour under normal oper-
ating conditions. After blower is restarted, gradually close the 
discharge unloading  valve to apply working pressure. At this 
point it is recommended that a pressure gauge or manometer 
be connected into the discharge line if not already provided, 
and that thermometers be in both inlet and discharge lines. 
Readings from these instruments will show whether pressure 
or	temperature	ratings	of	the	blower	are	being	exceeded.

During the final run, check operating conditions frequently 
and	observe	the	oil	levels	at	reasonable	intervals.	If	excessive	
noise or local heating develops, shut down immediately and 
determine the cause. If either pressure rise or temperature 
rise	across	the	blower	exceeds	the	limit	specified	in	this	
manual, shut down and investigate conditions in the piping 
system. Refer to the TROUBLESHOOTING CHECKLIST 
for suggestions on various problems that may appear.

The blower should now be ready for continuous duty 
operation at full load. During the first few days make periodic 
checks to determine whether all conditions remain steady, or 
at least acceptable. This may be particularly important if the 
blower is supplying air to a process system where conditions 
can vary. At the first opportunity, stop the blower and clean 
the temporary inlet protective screen. If no appreciable 
amount of debris has collected, the screen may be removed. 

See comments under INSTALLATION. At this same time, 
verify leveling, coupling alignment or belt tension, and 
mounting bolt tightness.

Should	operating	experience	prove	that	blower	capacity	is	a	
little	too	high	for	the	actual	air	requirements,	a	small	excess	
may be blown off continuously through the manual unloading 
or vent valve. Never rely on the pressure relief valve as an 
automatic vent. Such use may cause the discharge pressure 
to	become	excessive,	and	can	also	result	in	failure	of	the	
valve itself. If blower capacity appears to be too low, refer to 
the TROUBLESHOOTING CHECKLIST.

Vibration Assessment Criteria
With measurements taken at the bearing locations on the 
housings, see chart below for an appropriate assessment 
guide for rotary lobe blowers rigidly mounted on stiff 
foundations. 

In general, blower vibration levels should be monitored on a 
regular basis and the vibration trend observed for progressive 
or sudden change in level. If such a change occurs, the 
cause should be determined through spectral analysis.

As shown on the chart below, the level of all pass vibration 
will determine the need to measure discrete frequency 
vibration levels and the action required.

All Pass Vibration 
in/sec-pk 

(mm/sec-rms)

Discrete Frequency 
Vibration 

in/sec (mm/sec-rms)
Action

0.45 (8) or less N/R Acceptable

Greater than 0.45 (8) 
but1.0 (18) or less

0.45 (8) or less @ any 
frequency Acceptable

Greater than 0.45 (8)@ 
any frequency Investigate

Greater than 1.0 (18) Less than 1.0 (18) Investigate

Greater than 1.0 (18) Investigate
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Troubleshooting Checklist

Trouble Item Possible Cause Remedy

No flow 1

2

3

Speed too low

Wrong rotation

Obstruction in piping

Check by tachometer and compare with published performance.

Compare actual rotation with Figure 1, change driver if wrong.

Check piping, valves, silencer to assure open flow path.

Low capacity 4

5

 
6

7

Speed too low

Excessive pressure rise

 
Obstruction in piping

Excessive slip

See item 1, if belt drive, check for slippage and re-adjust tension.

Check inlet vacuum and discharge pressure and compare with published 
performance.

See item 3.

Check inside of casing for worn or eroded surfaces causing excessive 
clearances

Excessive power 8

9
10

 
11

Speed too high

Excessvie pressure rise
Impeller rubbing

 
Scale , sludge, rust or 
product build up

Check speed and compare with published performance.

See item 5
Inspect outside of cylinder for high temperature areas, then check for impel-
ler contact at these points. Correct blower mounting, drive alignment.

Clean blower appropriately

Damage to bearings or gears 12

13

14

15

16

Inadequate lubrication

Excessive lubrication

Excessive pressure rise

Coupling misalignment

Excessive belt tension

Check oil sump levels in gear and drive end headplates

Check oil levels. If correct, drain and refill with clean oil of recommended grade.

See item 5.

Check carefully. Re-align if questionable.

Re-adjust for correct tension.

Vibration 17

18

19

20

 
21

22

23

24

Misalignment

Impellers rubbing

Worn bearings/gears

Unbalanced or rubbing 
impeller

Driver or blower loose

Piping resonances

Scale/sludge build-ups

Casing strain

See item 15

See item 10

Check gear backlash and conditions of bearings and replace as indicated.

Scale or process material may build up on casing and impellers, or inside impellers. 
Remove build-up to restore original clearances and impeller balance.

Tighten mounting bolts securely.

Determine whether standing wave pressure pulsations are present in the piping.

Clean out interior of impeller lobes to restore dynamic balance.

Re-work piping alignment to remove excess strain.

Driver stops, or will not start 25

 
26

Impeller stuck

 
Scale, sludge, rust or 
prodcut build-up

Check for excessive hot spot on headplate or cynlinder. See item 10. Look 
for defective shaft bearing and/or gear teeth.

Clean blower appropiately

Excessive breather

Blow-by or excessive oil 
leakage to vent area

Excessive oil leakage in 
vent area

27

28

 
29

 
30

31

 
32

Broken seal

Defective O-ring

 
Defective/plugged breather

 
Oil level too high

Oil type or viscosity incorrect

 
Blower running hot

Replace seals

Replace seals and O-ring

 
Replace breather and monitor oil leakage

 
Check sump levels in gear and drive headplates

Check oil to ensure it meets recommendations. Drain then fill with clean oil 
of recommended grade.

Recommended oil temperature can be found on page 6 of this manual. The 
blower must be operated within the conditions of this manual.
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Inspection & Maintenance
A good program of consistent inspection and maintenance is 
the most reliable method of minimizing repairs to a blower. A 
simple record of services and dates will help keep this work 
on a regular schedule. Basic service needs are:

•	 Lubrication

•	 Checking	for	hot	spots

•	 Checking	for	increases	or	changes	in	vibration	and	noise

•	 Recording	of	operating	pressures	and	temperatures

Above all, a blower must be operated within its specified 
rating limits, to obtain satisfactory service life.

A newly installed blower should be checked often during 
the first month of full-time operation. Attention there after 
may be less frequent assuming satisfactory performance. 
Lubrication is normally the most important consideration 
and	weekly	checks	of	lubricant	levels	in	the	gearbox	and	
bearing reservoirs should be customary. Complete oil change 
schedules are discussed under LUBRICATION.

Driver lubrication practices should be in accordance with the 
manufacturer’s instructions. If direct connected to the blower 
through a lubricated type coupling, the coupling should be 
checked and greased each time blower oil is changed. This 
will help reduce wear and prevent unnecessary vibration. In 
a belted drive system, check belt tension periodically and 
inspect for frayed or cracked belts. 

In a new, and properly installed, unit there is no contact 
between the two impellers, or between the impellers and 
cylinder or headplates. Wear is confined to the bearings 
(which support and locate the shafts) the oil seals, and the 
timing gears. All are lubricated and wear should be minimal 
if clean oil of the correct grade is always used. Seals are 
subject to deterioration and wear, and may require replace-
ment at varying periods.

Piston ring seals (28) are designed to operate without 
rubbing contact, once temperature and thermal growth have 
stabilized. The stationary rings will rub the rotating sleeve (38) 
briefly as a result of temperature cycles that occur during the 
startup and shutdown of the unit. The sleeves are hardened 
and the rings are coated with dry lubricant that provides for 
temporary break in wear. Replace piston ring seals if they 
become	excessively	worn.

Shaft bearings are designed for optimum life under average 
conditions with proper lubrication and are critical to the 
service life of the blower. Gradual bearing wear may allow 
a shaft position to change slightly, until rubbing develops 
between impeller and casing. This will cause spot heating, 
which can be detected by observing these surfaces. Sudden 
bearing failure is usually more serious. Since the shaft and 
impeller are no longer supported and properly located, 

extensive	general	damage	to	the	blower	casing	and	gears	is	
likely to occur.

Oil	seals	should	be	considered	expendable	items,	to	be	
replaced whenever drainage from the headplate vent cavity 
becomes	excessive	or	when	the	blower	is	disassembled	for	
any reason. Some oil seal leakage may occur since an oil 
film under the lip is required for proper operation. Periodically 
leaked oil should be wiped off from surfaces. Minor seal 
weepage should not be considered as indicating seal 
replacement.

Timing gear wear, when correct lubrication is maintained, 
should be negligible. Gear teeth are cut to provide the 
correct amount of backlash, and gears correctly mounted 
on the shafts will accommodate a normal amount of tooth 
wear without permitting contact between lobes of the two 
impellers. However, too high an oil level will cause churning 
and	excessive	heating.	This	is	indicated	by	unusually	high	
temperature at the bottom of the gear housing. Consequent 
heating of the gears will result in loss of tooth-clearance 
, backlash and rapid wear of the gear teeth usually will 
develop. Continuation of this tooth wear will eventually 
produce impeller contacts (knocking), and from this point 
serious damage will be unavoidable if blower operation is 
continued. A similar situation can be produced suddenly by 
gear tooth fracture, which is usually brought on by sustained 
overloading or momentary shock loads.

Problems may also develop from causes other than internal 
parts failure. Operating clearances within a blower are only 
a few thousandths of an inch. This makes it possible for 
impeller interferences or casing rubs to result from shifts in 
the blower mounting, or from changes in piping support. If 
this	type	of	trouble	is	experienced,	and	the	blower	is	found	
to be clean, try removing mounting strains. Loosen blower 
mounting bolts and reset the leveling and drive alignment. 
Then tighten mounting again, and make sure that all piping 
meets blower connections accurately and squarely Foreign 
materials sucked into the blower will also cause trouble, 
which can only be cured by disconnecting the piping and 
thoroughly cleaning the blower interior.

A wide range of causes & solutions for operating troubles 
are covered in the TROUBLE SHOOTING CHECKLIST. 
The remedies suggested should be performed by qualified 
mechanics with a good background. Major repairs generally 
are to be considered beyond the scope of maintenance, and 
should be referred to your authorized Roots distributor.

Warranty failures should not be repaired at all, unless specific 
approval has been obtained through a Sales Office or the 
factory before starting work. Unauthorized disassembly within 
the warranty period may void the warranty.
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Figure 2 - Allowable Overhung Loads for V-belt Drives for RAM X™ Blowers - Models 155 thru 1000 

Figure 3 - Air Blower Installation with Accessories

Above are suggested locations for available accessories.

Belt Pull in lbs =
27500	•	Motor	BHP

Blower	RPM•	Sheave	Diameter	in	inches
Belt Pull in kg =

4,255,000	•	Motor	KW

Blower	RPM•	Sheave	Diameter	in	mm

Shaft	load	(lb•in)	=	Belt	Pull	(lbs)	•	(A"	+	¼"	+	 )
Sheave	Width	(")

2
Shaft	load	(kg•mm)	=	Belt	Pull	(kg)	•	(Amm	+	6.3mm	+	 )

Sheave Width (mm)

2

1000

Model Dimension A 
Inch (mm)

Max 
Allowable 
Shaft Load 

lb•in (kg•mm)

Min Sheave 
Diameter 
Inch (mm)

Max Sheave 
Width 

Inch (mm)

155, 225, 280 1.90 (48.3) 5,100 (58.9) 7.1 (180) 3.06 (78)

400, 500 2.11 (53.6) 10,000 (115) 8.5 (215) 4.44 (112)

600, 700 2.44 (62) 13,000 (150) 11.80 (300) 4.43 (112)

800, 1000 3.03 (77) 21,000 (242) 13.2 (335) 7.19 (183)

NOTE:

Arc	of	sheave	belt	contact	on	the	smaller	sheave	not	to	be	less	than	170°.

Driver to be installed on the inlet side for vertical units, and on the drive shaft side 
for horizontal units.

Roots	recommends	the	use	of	two	or	more	3V,	5V	or	8V	matched	or	banded	
belts and sheaves.
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Figure 4 - Blower Orientation Conversion - RAM X™ Models

NOTE:  Bottom drive units cannot be converted to Top drive without partial disassembly.  

This work must be performed by an authorized repair facility to avoid risk of warranty disallowance.
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Table 1 - RAM X™ Maximum Allowable Operating Conditions

Table 3 - RAM X™ Approximate Oil Sump Capacities

Model Speed 
RPM

Temperature Rise Delta Pressure Inlet Vacuum

F° C° PSI mbar INHG mbar

155 4750 240 133 15 1034 16 539

225 4750 240 133 15 1034 16 539

280 4750 240 133 12 827 16 539

400 3560 230 128 15 1034 16 539

500 3560 230 128 12 827 16 539

600 3050 230 128 15 1034 16 539

770 3050 230 128 12 827 16 539

800 2670 230 128 15 1034 16 539

1000 2670 230 128 12 827 16 539

Table 2 - Recommended Oil Grades

Ambient* 
Temperature °F (°C)

ISO 
Viscosity No.

Above 90° (32°) 320

32° to 90° (0° to 32°) 220

0° to 32° (-18° to 0°) 150

Below 0° (-18°) 100

Use a good grade of industrial type non-detergent, rust 
inhibiting, anti-foaming oil and of correct viscosity per Table 
2. ROOTS® Synthetic Oil (Roots P/N 813-106-) is specified 
and recommended. Roots does not recommend automo-
tive type lubricants, as they are not formulated with the 
properties mentioned above.

Due to sludge build-up and seal leakage problems, 
Roots recommendation is DO NOT USE Mobil SHC 
synthetic lubricants in ROOTS blowers.

*Ambient temperature is defined as the temperature of the space in which the 
blower and drive are located.

These	capacities	are	provided	to	assist	stocking	the	correct	amount	of	oil.	Exact	sump	capacity	may	differ	slightly.	 
See “Lubrication” section for proper filling instructions.

Model Number/ 
Drive Shaft Location

Gearbox Drive End

Fluid Ounces Liters Fluid Ounces Liters

155,225,280 (left or right) 36 1.06 19 0.56

155, 225, 280 (top or bottom) 18 0.52 9 0.27

400, 500 (left or right) 95 2.81 50 1.48

400, 500 (top or bottom) 55 1.63 28 0.83

600, 770 (left or right) 155 4.59 70 2.07

600, 770 (top or bottom) 80 2.37 40 1.18

800, 1000 (left or right) 256 7.6 120 3.5

800, 1000 (top or bottom) 144 4.3 80 2.37
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Specified Lubricants RAM X™ Blowers Parts List - Models 155 through 500

ROOTS® Synthetic Oil:  ISO-VG-320 Grade

Part Number

Quart 813-106-004

Gallon 813-106-005

Case (12 qts) 813-106-007

ROOTS® Synthetic Oil:  ISO-VG-220 Grade

Part Number

Quart 813-106-001

Gallon 813-106-002

Case (12 qts) 813-106-008

Item Number Part Name Quantity
1 Headplate 2

3 Gearbox 1

4 Timing Gears 2

5 End Cover 1

7 Gasket  – Gearbox/Cover 2

10 Shims Lot

11 Cylinder 1

12 Impeller & Shaft Drive 1

13 Impeller & Shaft Driven 1

14 Bearing Roller 4

16 Pin, Dowel (Pull Out) 4

17 Pin, Dowel 2

19 Key Square 1

21 Breather 2

22 Plug, Pipe 12

23 Screw, Cap Hex Hd. *

 27/27A Seal, Hydrodynamic 4

28 Piston, Ring-Seal 4

29 Washer, Wavy Spring 2

31 Gear Nut 2

32 Scr, Cap Hex Hd. 16

33 Seal, Hydrodynamic 1

34 Brg. Clamp Plate - D. E. 2

35 Lock Washer - Spring 16

37 Sight Plug - Oil Level 2

38 Sleeve, Shaft 4

40 Slinger - D.E. (Top Drive) 1

46 Slinger - G.E. 1

49 Oil Leader L/S 1

50 Oil, Leader-R/S 1

54 Brg Clamp Plate  - G. E. 2

60 Screw, Cap Butt. HD. 1

64 Pin, Spring 1

66 Screw, Cap Hex HD. *

66A/66B Whispair, Spring Lock 3/8M *

70 Shims D.E. Brg. 1

75 Screw, Cap - Hex HD. *

76 Blower Foot - RH (optional) 2

77 Blower Foot - LH (optional) 2

85 Elb, Pipe-Black 2

85.1 Plug, Pipe 2

87 Scr, Cap BH 2

88 Anti Rotation Ball 4

90 BSHG-RDCG 2

91 Washer, Plain Flat 2

92 Washer, Plain Flat 2

93 Washer 2

94 Oil Leader 2

95 Cap Screw 4

210 Inlet/Discharge Gasket 2

*Quantity varies by blower.
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Specified Lubricants RAM X™ Blowers Parts List - Models 600 and 700

ROOTS® Synthetic Oil:  ISO-VG-320 Grade

Part Number

Quart 13106004

Gallon 13106005

Case (12 qts) 13106007

ROOTS® Synthetic Oil:  ISO-VG-220 Grade

Part Number

Quart 13106001

Gallon 13106002

Case (12 qts) 13106008

ROOTS® Synthetic Oil:  ISO-VG-150 Grade

Part Number

Quart 13106020

Gallon 13106021

Case (12 qts) 13106023

5 Gallon Pail 13106022

55 Gallon Drum 13106025

ROOTS® Synthetic Oil:  ISO-VG-100 Grade

Part Number

Quart 13106011

Gallon 13106012

Case (12 qts) 13106014

5 Gallon Pail 13106013

55 Gallon Drum 13106016

Item Number Part Name Quantity
1 Headplate 2

3 Gearbox 1

4 Timing Gears 2

5 End Cover 1

7 Gasket  – Gearbox/Cover 2

10 Shims Lot

11 Cylinder 1

12 Impeller & Shaft Drive 1

13 Impeller & Shaft Driven 1

14 Bearing Roller 4

16 Pin, Dowel (Pull Out) 4

17 Pin, Dowel 2

19 Key Square 1

21 Breather 2

22 Plug, Pipe 12

23 Screw, Cap Hex Hd. *

 27/27A Seal, Hydrodynamic 4

28 Piston, Ring-Seal 4

29 Washer, Wavy Spring 2

31 Gear Nut 2

32 Scr, Cap Hex Hd. 16

33 Seal, Hydrodynamic 1

34 Brg. Clamp Plate - D. E. 2

35 Lock Washer - Spring 16

37 Sight Plug - Oil Level 2

38 Sleeve, Shaft 4

40 Slinger - D.E. (Top Drive) 1

46 Slinger - G.E. 1

54 Brg Clamp Plate  - G. E. 2

55 Screw, Cap Butt. HD. 2

56 Washer, Plain 2

60 Screw, Cap Butt. HD. 1

64 Pin, Spring 1

65 Coupling Pipe 2

66 Close Nipple 2

73 Blower Foot - RH (optional) 2

74 Blower Foot - LH (optional) 2

78 Capscrews 6

88 Anti Rotation Ball 4

210 Inlet/Discharge Gasket 2

85.1 Plug, Pipe 2

87 Scr, Cap BH 2

88 Anti Rotation Ball 4

90 BSHG-RDCG 2

91 Washer, Plain Flat 2

92 Washer, Plain Flat 2

93 Washer 2

94 Oil Leader 2

95 Cap Screw 4

210 Inlet/Discharge Gasket 2

*Quantity varies by blower.
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Specified Lubricants RAM X™ Blowers Parts List - Models 800 and 1000

ROOTS® Synthetic Oil:  ISO-VG-320 Grade

Part Number

Quart 13106004

Gallon 13106005

Case (12 qts) 13106007

ROOTS® Synthetic Oil:  ISO-VG-220 Grade

Part Number

Quart 13106001

Gallon 13106002

Case (12 qts) 13106008

ROOTS® Synthetic Oil:  ISO-VG-150 Grade

Part Number

Quart 13106020

Gallon 13106021

Case (12 qts) 13106023

5 Gallon Pail 13106022

55 Gallon Drum 13106025

ROOTS® Synthetic Oil:  ISO-VG-100 Grade

Part Number

Quart 13106011

Gallon 13106012

Case (12 qts) 13106014

5 Gallon Pail 13106013

55 Gallon Drum 13106016

Item Number Part Name Quantity
1 Headplate 2

3 Gearbox 1

4 Timing Gears 2

5 End Cover 1

7 Gasket  – Gearbox/Cover 2

10 Shims Lot

11 Cylinder 1

12 Impeller & Shaft Drive 1

13 Impeller & Shaft Driven 1

14 Bearing Roller 4

16 Pin, Dowel (Pull Out) 4

17 Pin, Dowel 2

19 Key Square 1

21 Breather 2

22 Plug, Pipe 12

23 Screw, Cap Hex Hd. *

 27/27A Seal, Hydrodynamic 4

28 Piston, Ring-Seal 4

29 Washer, Wavy Spring 2

31 Gear Nut 2

32 Scr, Cap Hex Hd. 16

33 Seal, Hydrodynamic 1

34 Brg. Clamp Plate - D. E. 2

35 Lock Washer - Spring 16

37 Sight Plug - Oil Level 2

38 Sleeve, Shaft 4

40 Slinger - D.E. (Top Drive) 1

46 Slinger - G.E. 1

54 Brg Clamp Plate  - G. E. 2

55 Screw, Cap Butt. HD. 2

56 Washer, Plain 2

60 Screw, Cap Butt. HD. 1

64 Pin, Spring 1

65 Coupling Pipe 2

66 Close Nipple 2

73 Blower Foot - RH (optional) 2

74 Blower Foot - LH (optional) 2

78 Capscrews 6

88 Anti Rotation Ball 4

210 Inlet/Discharge Gasket 2

85.1 Plug, Pipe 2

87 Scr, Cap BH 2

88 Anti Rotation Ball 4

90 BSHG-RDCG 2

91 Washer, Plain Flat 2

92 Washer, Plain Flat 2

93 Washer 2

94 Oil Leader 2

95 Cap Screw 4

210 Inlet/Discharge Gasket 2

*Quantity varies by blower.
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ROOTS™ Blowers and Compressors  
Synthetic Lubricating Oil
After	extensive	life	testing	on	rotary	lobe	blowers,	Dresser	
ROOTS™ introduced a special blend, high-temperature, 
(polyalphaolefin based) synthetic lubricating oil for ROOTS™ 
blowers in 1990. 

Today’s ROOTS™	blowers	and	exhausters	are	designed	
and built with the same  attention to detail that has firmly 
established the Dresser Roots reputation for reliability, quality 
and	technical	excellence	over	the	past	150	years.

ROOTS™ synthetic lubricating oils are made with the same 
quality	and	technical	excellence	standards	to	meet	the	
highest	specifications	required	for	maximum	performance.

LUBRICANT ADVANTAGES:

•	 High Oxidation Stability	-	Contains	oxidation-resistant	
additives that mean longer oil life and fewer oil changes. 
ROOTS™	Synthetic	Lubricating	oil	excels	in	ASTM	oxida-
tion tests, and in the field, where it counts. Longer oil life 
means	lower	expenditures,	and	greater	conservation.

•	 Rapid Separation from Water - Promotes prolonged 
bearing life.

•	 Excellent Corrosion Protection - Contains synthetic 
corrosion inhibitors. Protects during operation and acts 
as a preservative during shut down.

•	 Synthetic Solvency - Keeps equipment clean.

•	 Ashless - Keeps equipment free from metallic ash 
deposits.

•	 Compatible with Seals	-	Has	excellent	compatibility	
with seals.

•	 Blower Protection - Protects blower through a wide 
range of operating temperatures.

•	 Pour Point	-	from	-40°F	(-40°C).	Flash Point	-	at	500°F	
(260°C).

•	 Range of Use - ROOTS™ Synthetic Lubricating Oil 
can be used in any blower application or operating 
environment.

•	 High Film Strength - ROOTS™ Synthetic Lubricating Oil 
carries	up	to	700%	greater	loads	than	other	mineral	and	
synthetic oils.

•	 Low Friction	-	Extremely	low	coefficient	of	friction	
proven to save energy over conventional oils.

•	 Compatibility With Other Oils - ROOTS™ Synthetic 
Lubricating	Oil	is	compatible	with,	and	can	be	mixed	
with, other mineral oils and most other synthetic oils. No 
special cleaning is required at change out for blowers 
previously running on mineral oil. NOTE: It is NOT 
compatible with silicone or glycol synthetics.

•	 ISO Grade Availability - Available in ISO Grade 100, 
150, 220, or 320.

•	 Container Sizes - Available in one-quart containers, 
12-quart cases, one-gallon containers, 5-gallon pails, or 
55 gallon drums.



www.dresser.com/rootsblowers

About Dresser, Inc.
Dresser, Inc. is a leader in providing highly engineered 
infrastructure products for the global energy industry. The 
company has leading positions in a broad portfolio of prod-
ucts, including valves, actuators, meters, switches, regulators, 
piping products, natural gas-fueled engines, retail fuel 
dispensers and associated retail point-of-sale systems, and 
air and gas handling equipment. Leading brand names within 
the Dresser portfolio include Dresser Wayne® retail fueling 
systems, Waukesha® natural gas-fired engines, Masoneilan® 
control valves, Consolidated® pressure relief valves, and 
Roots® blowers. It has manufacturing and customer service 
facilities located strategically worldwide and a sales presence 
in more than 100 countries.

About Dresser Roots®

Dresser Roots, a major product brand of Dresser, Inc., is 
the manufacturer of the original ROOTS blower™, centrifugal 
compressors and control systems. ROOTS® air and gas 
moving equipment is used in a wide variety of applications, 
including	Mechanical	Vapor	Recompression,	water	and	
wastewater treatment, flue gas desulphurization, petrochemi-
cal and chemical processes, conveying, and other industrial 
applications.

Dresser Roots 
Houston,	Texas	Headquarters	•	U.S.	Toll	Free	Phone:	1	877-363-ROOT(S)	(7668)	•	Direct	Phone:		+1	832-590-2600 
Connersville,	Indiana	Operations	•	U.S.	Toll	Free	Phone:	1	877-442-7910	•	Direct	Phone:		+1	765-827-9285 
United	Kingdom	Operations	•	Phone:		+44	(0)	1695	52600 
USA/Canada	Sales	•	Phone:		+1	773-444-3360 
Houston,	Texas	Factory	Service	•	Phone:		+1	713-896-4810 
Mexico	City	Sales	and	Factory	Service	•	Phone:		+52	55	5889	5811 
Dubai	Sales	and	Factory	Service	•	Phone:		+971	4-8855481 
Malaysia	Sales	•	Phone:		+60	3	2163	0480 
China	Sales	•	Phone:		+86	10	8486	2440 
Shanghai	Factory	Service	•	Phone:		+86	21	5858	7638

©2010 Dresser, Inc. All rights reserved. • Printed in the U.S.A. • All information subject to 
change without notice. • Roots, Wayne, Waukesha, Masoneilan and Consolidated are registered 
trademarks of Dresser, Inc. • ROOTS and WHISPAIR, are trademarks of Dresser, Inc.
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I. GENERAL INFORMATION 
 

A. How to Properly Use this Instruction Manual 
 
This installation and maintenance manual has been written to assist the user with proper procedures when handling, 
installing, operating and maintaining the equipment.  All of the safety warnings and instructions in this book must be 
followed to prevent injury to personnel. 
 
This manual must be kept for future reference during installation, operation and maintenance. 
 

B. Safety Symbols 
 
Below is a safety symbol table that identifies the safety symbols that appear in this manual and on the motors. 
 

 

The use of a lightning bolt within an 
arrowhead symbol, enclosed in a yellow 
triangle warns of dangerous electrical voltage 
that could cause an electric shock to a 
person.  

This symbol identifies a terminal, which 
is intended for connection to an 
external grounding conductor for 
protection against electric shock in 
case of a fault. 

 

The use of an exclamation point within a 
yellow triangle indicates to the user that 
important installation, operating and 
maintenance instructions must be followed. 

 

The use of a small case “i” enclosed in a 
square indicates a general note. 

 

The use of wavy lines, enclosed in a yellow 
triangle, indicates that the motor can be hot 
and should not be touched without taking 
proper precautions. 

WARNING: 
Indicates a procedure or condition that, 
if not strictly observed, could result in 
personal injuries or death. 

 

This symbol instructs one to read the 
manufacturer’s instruction manual before 
installation, operation and maintenance. 

CAUTION: 
Indicates a procedure or condition that, 
if not strictly observed, could result in 
minor injuries to personnel. 

 

 

 

This symbol indicates the need to wear 
hearing protection. 
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C. Safe Motor Operation Information 
 
 WARNINGS:  High voltage and rotating parts can cause serious or fatal injuries.  Qualified 

personnel should perform installation, operation and maintenance of electrical machinery.  For 
equipment covered by this instruction book, it is important to observe safety precautions to protect  

personnel from possible injury.  Be sure to keep the installation and maintenance information for future reference.  All 
warnings and cautions must be followed. 
 
Installation 
• Avoid contact with energized circuits and rotating parts. 
• Avoid bypassing or rendering inoperative any safeguards or protective devices. 
• Avoid use of automatic-reset thermal protection where unexpected starting of equipment might be hazardous to 

personnel. 
• Avoid contact with capacitors until safe discharge procedures have been followed. 
• Be sure the motor shaft key is captive before the motor is energized. 
• Avoid long exposure in close proximity to machinery with high noise levels. 
• When the motor is coupled to equipment, ensure that system vibrations are within acceptable limit (per ISO 10816-

1) to avoid failure of the motor. 
• Use proper protective gear, care and procedures when handling, lifting, installing, operating and maintaining the 

motor. 
• If eyebolts are used for lifting motors, they must be securely tightened, and the direction of the lift must not exceed 

a 15° angle from the shank of the eyebolt.  Do not use eyebolts in an ambient below 0°F.  At  temperatures below 0° 
F, the eyebolt could fail resulting in injury to personnel and/or damage to equipment.  Drop-forged eyebolts per 
American Society of Testing Materials A489 or equivalent must be used. 

• Do not use the motor shaft as a means for lifting. 
• Do not lift both the motor and driven equipment with the motor lifting means. 
• Do not stand on or place objects on the motor. 

Maintenance 
Safe maintenance practices performed by qualified personnel are imperative.  Before starting maintenance 
procedures, be positive that: 
• Equipment connected to the shaft will not cause mechanical rotation. 
• Main motor windings and all accessory devices associated with the work area are disconnected from electrical 

power sources. 
• The motor has been given time to cool. 
 

Failure to properly ground the frame of the motor can cause serious injury to personnel.  Grounding should be in accordance with National and local 
Standards and consistent with sound practice. 
 
These instructions do not purport to cover all the details in motors nor to provide for every possible contingency to be met in connection with 
installation, operation or maintenance.  Should further information be desired or should particular problems arise which are not covered sufficiently for 
the purchaser’s purposes, the matter should be referred to the General Electric Company. 
 
This document contains proprietary information of General Electric Company, USA and is furnished to its customer solely to assist that customer in the 
installation, testing, operating and/or maintenance of the equipment described.  This document shall not be reproduced in whole or in part, nor shall its 
contents be disclosed to any third party without the written approval of GE Energy. 
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D. Description of Labels and Nameplates 
 
Motor rating and identification data are furnished on labels and nameplates.  Packing nameplates provide a 
permanent record of motor characteristics, plant identification and date of manufacture.  Below is an example of a 
label that is attached to the shipping package. 

 

 

 

 

 

 

 

 

 

E. Model and Serial Numbers 
 
As discussed in section D, every motor that is manufactured by GE Energy has a model and serial number, which are 
permanently marked on the motor nameplate.  When contacting a GE Energy Service Shop or representative, please 
provide to the model and serial numbers. 

 
Data and information regarding an individual motor model can be obtained from the Data Pack for the motor or 
through EliteNet or by contacting your local GE Energy representative. 
 

F. Relevant Standards 
 

1. Motors shipped with this installation instruction have been designed and built to the latest revision of the 
following standards: 

 
a. NEMA MG-1 

 
2. Motors that have the IECEx designation have also been designed to meet the requirements of the 

following standards: 
 

a. IEC and/or BS/EN 60079-0 
b. IEC and/or BS/EN 60079-15 

 

3. Motors with the CE Mark have also been designed to meet the requirements of the following EU directives: 
 

a. Machinery safety 
b. Low Voltage 
c. Electromagnetic Compatibility 
d. Conformity Assessment 
 

II. RECEIVING 
 
Each shipment should be carefully inspected upon arrival.  Motor rating and identification data are furnished on a 
packing label for verification purposes.  Any damage should be reported promptly to the carrier and a claim filed.  The 
nearest GE Energy sales office may provide additional guidance. 
 

A. Unpacking 
 
If the motor has been exposed to low temperatures, unpack it only after it has reached the temperature of the room in 
which it will be unpacked. Otherwise the motor windings will be exposed to condensing moisture. 

MOD – GE model number 
KW = Motor power rating 
RPM = Motor speed at full load 
VOL – Motor voltage 
ENCL = Enclosure code 
FR = Frame size 
MASS = Motor mass 
SERIAL = Motor serial number 

Figure 1: Packing Label 
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B. Temporary Storage (Up to 6 Months) 
 
If the motor will not be put into service immediately, certain precautions should be taken to protect the motor while in 
storage.  It is recommended the motor be placed under cover in a clean, dry location. 

 

During storage, windings should be protected from excessive moisture by some safe and reliable method of heating, 
such as space heaters, to keep the temperature of windings above the temperature of the surrounding air.  It is 
recommended the motor in storage be inspected at periodic intervals, the windings meggered and a log kept of 
pertinent data.  (Refer to the OPERATION section.)  Any significant drop in insulation resistance should be investigated. 
 
Precautions are taken by the factory to guard against corrosion.  The machined parts are coated to prevent rust during 
shipment.  If the equipment is to be stored, examine the machined parts carefully for rust and moisture and recoat 
where necessary. 
 
Motors with oil-lubricated or oil-mist lubricated bearings are normally operated and tested in the factory with a rust-
inhibiting oil in the lubrication system.  A rust-inhibiting film remains on critical bearing surfaces during transit and for 
up to six months in storage.  However, when the machine is received, it is recommended that the bearing oil reservoirs 
on sleeve bearing motors be filled to the proper oil level with a good grade of rust-inhibiting oil.   Rotate the shaft of 
two-bearing machines (10 to 25 revolutions) until the journals are thoroughly coated with oil.      

 
The bearings of grease-lubricated motors are greased at the factory with the grease cavity approximately 50% full.  
Rotate the shaft of all grease-lubricated motors 10-20 revolutions at two-month intervals. 

 
If the purchaser has specified the machine be packaged for long-term storage, the foregoing recommendations do not 
apply and the packing should be left intact during the period of storage. 
 

C. Extended Storage (Longer than 6 months) 
 
In the event the motor is to be stored longer than six months, please refer to GE instruction manual GEK-97427. 
 

D. Handling 
 

 

 WARNING:  Lifting lugs on the motor are designed for handling only the motor.  They are not to be used 
to lift the motor plus additional equipment such as pumps, compressors or other driven equipment.  In 
the case of assemblies on a common base, lugs or eyebolts provided on the motor are not to be used to  

lift the assembly and base.  The assembly should be lifted by a sling around the base or by other lifting means 
provided on the base.  In the case of unbalanced loads (such as couplings or other attachments), additional slings 
or other effective means should be used to prevent tipping. 

 

III. Installation 
 

 WARNING: Installation should be in accordance with the ‘USA-National Electric Code’ or ‘BS/EN 60204-
1’ and ‘BS/EN 60204-11’ and consistent with sound National and local practices.  Coupling, belt and 
chain guards should be installed as needed to protect against accidental contact with moving parts.   

Motors accessible to personnel should be further guarded by screening, guard rails, etc., to prevent them from 
coming in contact with the equipment. 

 

A. Location 
 
Install the motor in a well-ventilated area.  Make sure there is a minimum clearance of one foot around the motor to 
allow normal flow of air. 
 

1. Drip-proof motors are intended to be used in a well-ventilated place reasonably free of dirt and moisture. 
 
2. General Purpose enclosed motors can be used where they are exposed to dirt, moisture, and most 

outdoor conditions. 
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3. Severe-duty enclosed motors can be used in highly corrosive or excessively moist areas. 

 
4. Zone 2 Hazardous Locations 

 
All motors marked with an IECEx or ATEX designation are suitable for Zone 2 locations.  Before the motor is installed in 
the hazardous location, the marking must be reviewed for the intended location.  If the motor marking does not meet 
the intent of the location do not install or operate the motor.  Refer to BS/EN 60079-0 and BS/EN 60079-15. 
 
Motor marking for IECEx will have a nameplate with the IECEx logo, IECEx certification number, and IECEx marking 
codes.  An example of the IEC Ex marking is as follows; 
 

Ex nA IIC T3 Gc 
 
Where symbol: 
 

a. Ex provides assurance of protection per IEC standards. 
b. nA indicates non-sparking 
c. IIC is a code to indicate the type of explosive gas atmosphere. 
d. T3 is a code for the maximum surface temperature. 
e. Gc is a code for the motor protection level. 

 
Refer to B/EN 60079-0 and BS/EN 60079-15 for the meaning and understanding of all symbols and codes. 
 

5. Division 1 Explosion-proof motors bearing the Underwriters’ Laboratories label designating the motor’s 
Class and Group as defined in the National Electrical Code (NEC) are designed for operation in areas 
classified by local authorities as hazardous in accordance with the NEC. 

 

B. Mounting 
 

1. Mount motors securely on a firm, flat base.  Grout-in larger motors, if necessary.  Grease lubricated motors 
can be wall or ceiling mounted with the shaft horizontal.  Grease lubricated motors in NEMA 140–320 
frame ratings can be wall mounted with the shaft vertical.  The standard transition and/or sliding bases 
are only suitable for floor mounting.  For other mounting positions, please refer to your local GE 
representative. 

 
Oil lubricated sleeving-bearing motors shall always be mounted with the shaft horizontal.  The endshield 
shall be located with the oil ring sight glass in the twelve o’clock position. 

 

 
WARNING:  Remove drain plugs from the frame or end shields of enclosed motors used outdoors or in 
other high moisture areas. 

 
2. On motors with dual mounting holes use the holes indicated per Figure 2A and 2B. 
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Figure 2A: Mounting 

 

 

 

Figure 2B: Mounting 
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3. For base assembly and motor mounting, the mounting bolts must be tightened to prevent changes in 
alignment and possible damage to the equipment.  It is recommended that a washer be used under each 
nut or bolt head to get a secure hold on the motor feet.  As an alternative, flanged nuts or bolts may be 
used.  The recommended tightening torques for medium carbon steel mounting bolts, SAE Grade 5, are 
listed below in Table 1.  For recommended tightening torques of other hardware on the motor see tables 
4A, and 4B in the Tightening Torque section of this book. 

 

Table 1 

 

Bolt Size 
Recommended Torque 

in Ft-Lb (N-M) 

Inch Metric Minimum Maximum 

1/4 (M6) 7 (9) 11 (15) 
5/16 (M8) 14 (19) 21 (28) 
3/8 (M10) 25 (34) 37 (50) 
1/2 (M12) 60 (81) 90 (122) 
5/8 (M16) 120 (163) 180 (244) 
3/4 (M20) 210 (285) 320 (433) 

 

Note:  For low carbon steel bolts, use 50% of the above recommended tightening torques.  There are no ID marks on 
low carbon steel bolts. 
 

4. For direct coupled applications use flexible couplings if possible.  
 

Accurate mechanical lineup is essential for successful operation.  Mechanical vibration and roughness in 
running the motor may be an indication of poor alignment.  In general, lineup by straight edge across, and 
feeler gauges between coupling halves is not sufficiently accurate.  It is recommended that the lineup be 
checked with a dial indictor and checking bars connected to the motor and load-machine shafts.  The 
space between coupling hubs should be maintained as recommended by the coupling manufacturer.  
Shaft offset should not exceed 0.002”.  Angular misalignment should be less than 0.002”. 

 
5. The application of pulleys, sheaves, sprockets, and gears on the motor’s shaft is shown in NEMA Standard 

MG1-14.07.  The application of the V-belts dimensions for alternating current motors is in MG1-14.42.  V-
belt sheave pitch diameters should not be less than the values shown in Table 14-1 of NEMA MG-1.  
Sheave ratios greater than 5:1 and center-to-center distances less than the diameter of the large sheave 
should be referred to the Company.  Make certain that the minimum allowed diameter of the motor pulley 
and the maximum belt tension are not exceed because an excessive pull may cause bearing trouble and 
shaft failures. Tighten belts only enough to prevent slippage.  Belt speeds should not exceed 5000 feet per 
minute (25 meters per second). When V-belts are used, sheave ratios greater than 5:1 and center-to-
center distances less than the large sheave shall not be used. The dimensions of the belt pulley are to be 
determined according to the kind of belt, transmission and capacity to be transmitted.  Vent holes have to 
be kept free and required minimum distances are to be observed in order not to obstruct the flow of 
cooling air.  In addition, make sure that the discharged hot air is not re-circulated into the motor. 

 

C. Sleeve Bearing Endplay 
 
 On sleeve-bearing motors, the feet should be located at a correct distance from the load so that the motor’s 
rotor is in the approximate mid-point of its endplay.  The mid-position of the rotor’s endplay is indicated with a mark on 
the motor’s shaft.  Locate this mark flush with the bearing housing. 
 

D. Power Supply and Connections 
 

1. Nameplate voltage and frequency should agree with the power supply. Motors will operate satisfactorily 
on line voltage within ±10% of the nameplate value or frequency within ±5%, combined variation not to 
exceed ±10%. 
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2. Dual voltage motors can be connected for the desired voltage using instructions on the nameplate or the 

connection diagram. 
 

3. Wiring of motor, control, overload protection and grounding should meet the National and Local codes. 
 

4. When mounting conditions permit, the conduit box may be rotated so that the conduit entrance can be 
made upward, downward, or from either side.  For oversize conduit boxes, the mounting height of the 
motor may have to be increased for accessibility. 

 
 WARNING:  Motor and control overload protection and grounding should be in accordance with 

the USA -National Electric Code’ or ‘BS/EN 60204-1’ and/or ‘BS/EN 60204-11’ and consistent with 
sound local practices. 

 

IV. OPERATION 
 

A. Steps Prior to Starting 
 

 WARNING:  If the motor has been in a damp location, dry it out thoroughly before operating. 
Before energizing the motor for the first time or after an extended shut down, it is advisable to 
check the insulation resistance, power supply and mechanical freedom of the motor. 

 
In accordance with established standards, the recommended minimum insulation resistance for the stator winding 
when measured with a 500 volt DC direct indicating ohmmeter with self-contained power supply (megger), shall not be 
less than 5 mega-ohms at 40°C for a motor rated under 1000 volts, and not less than 100 mega-ohms at 40°C for a 
motor rated over 1000 volts.  If the insulation resistance is lower than this value, it is advisable to eliminate the moisture 
in one of the following ways. 
 

1. Dry the winding in an air-circulating oven with the air surrounding the winding at 110°C, +5/-15°C until the 
part has been above 90°C for at least four hours.  Then the air temperature may be raised to 150°C, 
+5°C/-15°C.  Continue to heat until the insulation resistance is constant for a one-half-hour period. 

 

2. Enclose the motor with canvas or similar covering, leave a hole at the top for moisture to escape.  Insert 
heating units or lamps and leave them on until the insulation resistance is constant for a one-half hour 
period. 

 

3. With the rotor locked mechanically and using approximately 10% of rated voltage, pass a current through 
the stator windings.  Increase the current gradually until the winding temperature reaches 90°C.  Do not 
exceed this temperature.  Maintain a temperature of 90°C until the insulation resistance becomes 
constant for a one-half hour period. 

 

B. Initial Start 
 

 

WARNING:  Be sure the motor is not running and the power supply is disconnected. 

 
1. For sleeve-bearing motors, flush out all sleeve bearings with kerosene to remove any dust or grit which 

may have accumulated during storage.   
 

Make sure that the oil plugs are tight and fill the oil wells with the oil recommended in the “Maintenance” 
section under “Sleeve Bearings” of this book to center of the oil level sight gauges.  The oil level should be 
checked only when the machine is not running. 

 
Do not flush out anti-friction bearings.  The bearing grease supplied is sufficient for initial operation. 

 
2. Whenever possible, examine the interior of the motor for loose objects or debris which may have 

accumulated and remove any foreign material. 
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3. If possible, turn the rotor by hand to be sure that it rotates freely. 

 

4. Check all connections with the connection diagram.  Check all accessible factory made connections for 
tightness to make sure none has become loose during shipment. 

 

5. When the driven load is likely to be damaged by the wrong direction of rotation, it is best to uncouple the 
motor from its load during the initial start and make certain it rotates in the correct direction.  If it is 
necessary to change rotation, interchange any two line leads. 

 
Some motors are designed for unidirectional rotation.  Rotation of these motors must be in accordance 
with the rotation indicated on the motor’s nameplate and the outline furnished with the equipment.  
Connection plates on the motor have been furnished to assist in obtaining the proper rotation. 

 

6. After inspecting the motor carefully, make the initial start by following the regular sequence of starting 
operations in the motor starter control instructions. 

 
7. For sleeve-bearing machines, after starting verify that the oil rings are operating properly and that oil is 

being fed to the shaft. 
 

The temperature of the sleeve bearings, as measured by bearing temperature detectors, should not 
exceed 93°C (200°F).   

 
At initial start, the rate of rise of the bearing temperature is more indicative of trouble than is total 
temperature.  When starting a machine for the first time, the bearing temperature should be observed for 
a minimum of 2 hours.  If at any time the rate of temperature rise exceeds 2°C/minute, shut down the 
motor immediately and make an investigation of lineup conditions, and if necessary, the bearing and oil 
ring assembly. 

 
8. For anti-friction bearings check motor operation under load for an initial period of at least one hour to 

observe whether any unusual noise or hot spots develop. 
 

9. In the event of excessive vibration or unusual noise disconnect the motor from the load and check the 
mounting and alignment. 

 
10. Check the operating current against the nameplate value.  Do not exceed the value of nameplate current 

multiplied by the motor service factor (if any) under steady continuous load. 
 

11. Space heaters should be de-energized during motor operation. 
 

 

C. Jogging and Repeated Starts 
 

 CAUTION:  Repeated starts and/or jogs of induction motors greatly reduce the life of the winding 
insulation. The heat produced by each acceleration or jog is much more than that dissipated by the 
motor under full load.  If it is necessary to repeatedly start or jog a motor, it is advisable to check the 

application with the local GE Energy sales office. 

 

V. MAINTENANCE 
 

 WARNING: Before initiating maintenance procedures, disconnect all power sources to the motor 
and accessories. For motors equipped with surge capacitors, do not handle the capacitors until 
they are discharged by a conductor simultaneously touching all terminals  

and leads, including earth.  This discharge conductor should be insulated for handling.  Replace all normal 
grounding connections prior to operating. 
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A. General 
 
If the motor is dismantled during maintenance, sealing compounds (if any) shall be removed from machined rabbets 
(spigots). When reassembling the motor, all machined surfaces forming metal-to-metal joints should be sealed with 
watertight sealing compound (Tite-Seal, GE Spec. A50CD427A or equivalent). 
 
Inspect the motor at regular intervals, depending on service.  Keep the motor clean and the ventilation openings clear. 
 
In addition to the daily observation of the overall condition, it is recommended that a general inspection routine be set 
up to check periodically the following items: 
 

1. General cleanliness 
 

2. Insulation and windings 
 

3. Lubrication and bearings 
 

B. General Cleanliness 
 
The interior and exterior of the motor should be kept free from dirt, oil and grease and conducting dust.  Paper, textile 
or dusts may build up and block off ventilation.  Any of these contaminants can lead to early motor failure. 

 

C. Division 1 Explosion Proof Motors 
 

Division 1 Explosion-proof motors have special features and are manufactured in accordance with UL and carry its 
label. Therefore, repairs need to be made at a GE Service Shop, which has been authorized to make such repairs. 
 

D. Insulation and Windings 
 
To obtain a long life and satisfactory operation of insulated windings, they should be kept clean from dirt, oil, metal 
particles and other contaminants.  A variety of satisfactory and acceptable methods are available for keeping the 
windings clean.  The choice of method will depend greatly on time, availability of equipment and on the insulation 
system.  Vacuum and/or compressed air cleaning with non-metallic hose tips should precede cleaning with water and 
detergent or with solvents.  Tightly adhering dirt will require removal by gentle brushing or wiping. 
 

 
WARNING:  To prevent injury to the eyes and respiratory organs, safety glasses and suitable 
ventilation or other protective equipment should be used. 

 

E. Vacuum and Compressed Air Cleaning 
 
Compressed air should be used to remove loose dirt and dust from air passages such as air ducts.  Suction should be 
used to remove dirt from the windings and to avoid damaging the coils. 
 

 
CAUTION:  Care must be taken to make sure the air is dry and that air pressure of not more than 21 x 
103kg/m2 (30 psi) is used. 

 

 
WARNING:  Operator must not use compressed air to remove dirt or dust from his or her person and 
clothing. 
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F. Cleaning with Water and Detergent 
 

This method is very effective in cleaning windings when used with a low-pressure steam jenny maximum steam flow 
30 psi and 90°C. 

 
 CAUTION:  To minimize possible damage to varnish and insulation, a fairly neutral non-conductive type 

of detergent such as DuBois Flow should be used.  A pint of detergent to 76 liters (20 gallons) of water is 
recommended. 

 
If a steam jenny is not available, the cleaning solution may be applied with warm water by a spray gun.  After the 
cleaning operation, the windings should be rinsed with water or low-pressure steam. 
 
Dry the windings.  Refer to the Insulation Resistance section in IV A.  above, for instructions on how to proceed. 

 

G. Anti-Friction Bearings and Lubrication 
 
The grease used as a lubricant in grease-lubricated anti-friction bearings does not lose its lubricating ability suddenly, 
but over a period of time.  For a given bearing construction and assembly, the lubricating ability of a grease over time 
depends primarily on the type of grease, the size of the bearing, the speed at which the bearing rotates and the severity 
of operating conditions.  As a result, it is not possible to accurately predetermine when new grease must be added.  But, 
good results can be obtained if the general recommendations stated in this manual are followed. 
 
The primary function of grease is to supply the essential lubrication oil from the sponge-like reservoir of its soap 
structure.  Grease-lubricated anti-friction bearings consume only a small amount of lubricant.  This lubricant must 
always be present to avoid rapid wear and bearing failure.  However, excessive or too frequent lubrication may also 
damage the motor. 
 
Ball bearing motors are adequately lubricated at the factory.  Motors with grease fittings should be lubricated in 
accordance with these instructions to provide maximum bearing life. 
 
To obtain optimum results, Exxon Mobil Polyrex EM (General Electric Specification D6A2C23) polyurea grease should be 
used for lubrication, unless special grease is specified on the motor’s nameplate. 
 
See Section XI Lubrication Guide for greasing frequency and recommended quantity of grease.  If in doubt, refer to GE 
Energy. 
 

 
CAUTION:  Failure to use polyurea base (NLGI Grade 2) or known compatible grease could result in 
premature bearing failure. 

 
The procedure below must be followed for safe and effective re-greasing.  The recommended frequency and quantity 
of grease is stated in tables 5 and 6. 
 

 WARNING: Lubrication maintenance should be performed with the motor stationary and 
disconnected from the power source.  Extreme caution must be exercised to avoid contact with 
rotating parts or electrical wiring if the motor must be lubricated while running.  Extreme caution  

must be exercised to avoid contact with rotating parts or electrical wiring if the motor must be lubricated while 
running.  Failure to observe these precautions may result in damage to the equipment, injury to personnel, or both. 
 

1. Run the motor until warm. 
 

2. Stop the motor and disconnect it from the power supply. 
 

3. Clean dirt and debris from around the inlet lubrication fitting and the grease relief plug. 
 

4. Remove the relief plug and clean the opening and relief tube of hardened grease.  This may be 
accomplished with a twisted wire brush or sturdy pipe cleaner. 
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5. Insert brush into the relief hole.  While the motor is still warm, add grease with a hand-operated grease 

gun until fresh grease appears on the end of the brush or until grease has been added up to the amount 
listed in Table 6. 

 
6. Leave the relief plug temporarily off.  Start the motor and run for 10 to 20 minutes to expel any excess 

grease. 
 

7. Stop the motor.  Replace the relief plug. 

 
8. Restart the motor and resume operation. 

 

 
CAUTION:  Failure to observe the foregoing instructions for re-greasing may result in grease leakage 
and/or bearing damage.  To avoid damage to equipment, bearings and grease must be kept free of dirt. 

 

 
Because this method of greasing bearings tends to purge the housing of used grease over a period of time, removal of 
all grease should be required infrequently.  A GE Energy Authorized Service Shop can clean the bearing cavity and 
replace the bearings and grease when the motor is removed from service for maintenance or reconditioning. 

 

 
NOTE:  Warranty may be voided if internal maintenance or repairs are not performed by a GE Energy 
Authorized Service Shop 

 

H. Sleeve Bearings 
 
Motors with sleeve bearings have a removable top half bearing housing cover.  By removing this cover each bearing 
and the oil in the reservoir can be inspected without disturbing the line-up. 
 
Prior to operation of the motor, both oil reservoirs should be filled to the center of the oil level gage.  The oil should be 
maintained at this level (determined with the motor at stand still).  Oil is added through the oil sight gauge hole above 
each bearing or through the inlet pipe provided. 
 

1. Oil 
 
For motors operating between -10°C and 50°C, use a good grade of mineral oil having a viscosity of ISO 32.   Consult 
GE Energy sales office regarding special lubricants for unusual operating conditions.    
 

2. Cleaning Sleeve Bearings 
 
Sleeve bearings housings are provided with liberal settling chambers into which dust, dirt, and oil sludge collect.  The 
only cleaning necessary is to remove the drain plug from beneath the oil level indicator or bearing housing as the case 
may be. After draining, seal the threads of the drain plug with an oil sealing compound and refill the oil reservoir. 
 
Whenever the motor is disassembled for general cleaning, the bearing housing may be washed out with a suitable 
solvent.  In washing the bearing housing the bearing and bearing housing assembly should be disassembled only to the 
extent that is absolutely necessary.  Dry the bearing lining and shaft with a film of oil before reassembling. 
 

3. Sleeve Bearing Replacement  
 
 Extreme care is required in the disassembly of a bearing to prevent nicking or burring of the bearing or 

machined surfaces.  In addition, the surfaces of the journal and the bearing must be protected from 
damage when exposed during the process of disassembly. 

 
 
 

Remove all bearing sensors prior to disassembly of the bearing. 
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a. The drive end and opposite drive end sleeve bearing may be replaced by the following procedure: 

 
i. For the opposite drive end the fan cover must be removed first.  Use the lifting eye on the fan 

cover to support and move the fan cover during disassembly.  There are 5 socket head cap 
screws that secure the fan cover.  These must be removed.  

 
ii. For Zollern bearings remove the three socket head cap screws on the outer flange of the upper 

half of the bearing housing which secure it to the endshield.  For RENK bearings remove the cover 
plate that is bolted to the upper half of the bearing housing and endshield.  The name Zollern or 
RENK will be embossed in the bearing housing. 

 
iii. Remove the four socket head screws that secure the top half of the bearing housing to the 

bottom half. 
 

iv. Remove the upper half of the bearing housing. 
 

v. Remove the four socket head screws on the bearing. 
 

vi. Remove the upper half of the bearing. 
 

vii. Jack up the shaft a few mils to remove the weight of the rotor from the lower bearing surface. 
 

viii. Remove the split line screws from the oil ring and remove the split parts. 
 

ix. Rotate the lower half bearing around the shaft and remove. 
 

b. Cleanliness is important when working with bearings. Before reassembling a bearing, all bearing and 
machine surfaces should be thoroughly cleaned with a suitable solvent.  Examine all machined fits for 
burrs. Remove all oil-sealing compounds from sealing surfaces. 

 
Prior to actual reassembly, the following precautions should be observed: 

 
i. Inspect the bearing housing and related parts for foreign matter. Clean, if necessary. 

 
ii. Inspect the journals and polish them with crocus clothe if any scratches are detected. Do not 

allow any metal dust to fall into the housing when polishing the journals. 
 

iii. Spread a thin coat of oil over the journal and bearing surfaces before reassembling. 
 

iv. The sealing surfaces of the bearing should be coated with a sealing compound such as No. 3 
Permatex. 

 
v. To replace the bearing, reverse the disassembly procedure. 
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VI. OPERATIONAL DIFFICULTIES 
 

Some operating difficulties may occur.  Common causes are given in Table 2 and should be corrected as soon as possible.  
 

TROUBLESHOOTING CHART 
Table 2 

 

Affected Parts Difficulty What to Check 

Windings Overheating 

 Calibration of measuring instrument 

 Excessive Current 

 Unbalanced AC current 

 Improper or restricted ventilation 

 Excessive ambient temperature 

 Short circuited coil or windings 

 Dirty windings 

 Unbalanced voltage 

Bearings Overheating 

 Calibration of measuring instrument  

 Worn out or dirty oil * 

 Rough journal * 

 Oil rings jammed * 

 Insufficient Oil * 

 Misalignment 

 Excessive end thrust or radial loading 

 Shaft currents 

 Excessive or insufficient grease ** 

 Worn out or dirty grease ** 

Motor Excessive Vibration 

 Unbalance 

 Misalignment 

 Improper or settled foundation 

 Non-uniform air gap 

 Rubbing parts 

 Bent shaft 

 Unbalanced stator current 

 Damaged bearing 

Winding Insulation 
Low insulation resistance 
or insulation failure 

 Moisture, dirt, metal particles, oil, or other contaminants on the 
windings 

 Wrong voltage 

 Excessive temperature 

 Voltage surges 

 Mechanical damage 

 Excessive vibration with resultant mechanical damage 
* Sleeve bearings 
** Anti-friction bearings 
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VII. FAILURE 
 

 WARNING:  An extreme overload or electrical failure may result in heating or arcing which can 
cause the insulation to give off noxious fumes.  All power should be removed from the motor 
circuit as a precaution even though the circuit has overload protection.  Personnel should not 

approach the motor until adequate ventilation of the area has purged the air of fumes.  When covers of a motor 
are removed after a failure, care should be observed to avoid breathing fumes from inside the motor.  Preferably, 
time should be allowed for the motor to cool before attempting any examination or repair. 

 

 WARNING:  Water should not be applied to any electrically energized equipment because electric 
shock could result in serious or fatal injury.  In case of fire, disconnect all power and use a carbon 
dioxide extinguisher to quench the flame.  Before operating any motor after a suspected failure, 

it should be inspected for damage. 

 

VIII. REPAIR 
 
If a motor is marked with IECEx or ATEX designation and repairs are required, the motor must be repaired by operators 
trained in the understanding of BS/EN 60079-1 and BS/EN 60079-15 standards.  The motor has been designed to meet 
the rigid requirements of these standards.  Repair or alteration of the motor may result in the motor no longer meeting 
the requirements of these standards.  If major repairs are undertaken (such as rewinding a stator), proper facilities 
should be made available and suitable precautions observed. 
Recommended tightening torques for various parts is listed in Tables 4A and 5B below.  
 

 WARNING:  When burning off old insulation materials or when welding near insulation during 
rewinding, adequate ventilation must be provided to avoid exposing personnel to noxious fumes.  
Combustion of exhaust must be complete and adequately vented to the outside atmosphere in 

compliance with acceptable standards. 
 
Exposure of personnel to air-borne inorganic fibers must be avoided by adequate ventilation or by wetting the 
remaining insulation components following the burning of the organic materials. 

 

IX. RENEWAL PARTS 
 
The use of only GE Energy renewal parts is recommended.  When ordering, specify the model number and the serial 
number of motor (complete nameplate data is desirable).  Specify quantity and describe the part. 

 
For information and service, refer to the nearest GE Energy Sales Office or a GE Energy Authorized Service Shop. 
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X. TIGHTENING TORQUE FOR SAE HARDWARE 
 

General Notes related to fasteners: 

 
1. Medium carbon steel fasteners per ASTM A449 Type 1. 
2. Stainless steel fasteners per ASTM F593. 
3. Threaded holes in parts for fasteners are per System 21, ASME/ANSI B1.3 

 

Table 4A: Tightening Torque Range 
Medium Carbon Steel SAE Hardware Grade 5 (Unless specified in below table) 

 

Screw/Bolt Size Typical Application 
Torque                    

(Inch-lbs) 

Torque                            

(N-m) 

#10 (Low Carbon Steel) Bearing Cap 15 - 25 1.7 – 2.8 

1/4 in (Low Carbon Steel) Bearing Cap 35 - 60 4.0 – 6.8 

1/4 in 
All Parts, except Bearing Cap and 

Fan Cover 
70 – 96 7.9 – 10.8 

1/4 in Grade 8 Fan Cover Mounting 100 - 145 11 – 16 

5/16 in Bearing Cap 78 - 120 8.8 – 14 

5/16 in All Parts, except Bearing Cap 170 - 250 19 – 28 

3/8 (Low Carbon Steel) Conduit Box Cover 180 – 240 20 – 27 

3/8 in 
All Parts, except Conduit Box 

Cover 
250 – 370 28 – 42 

1/2 in All Parts 610 – 920 70 – 100 

3/4 in All Parts 2150 – 3200 240 – 360 

 

Table 4B: Tightening Torque Range 

Stainless Steel SAE Hardware Property Class 50 
 

Screw/Bolt Size Typical Application 
Torque                    

(Inch-lbs) 

Torque            

(N-m) 

#10 Bearing Cap 15 – 25 1.7 – 2.8 

1/4 in Bearing Cap 35 – 60 4.0 – 6.8 

1/4 in All parts, except Bearing Cap 60 - 75 6.8 – 8.5 

5/16 in Bearing Cap 78 – 120 8.8 – 14 

5 /16 in All parts, except Bearing Cap 130 – 155 15 – 18 

3/8 in All Parts 230 – 275 26 – 31 

1/2 in All Parts 550 - 670 62 – 76 

5/8 in All parts 1100 – 1340 120 – 150 

3/4 in All Parts 2000 - 2360 230 - 270 
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Typical 500 Frame TEFC Construction – Ball Bearing 

 

Typical 500 Frame TEFC Construction – Sleeve Bearing 
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XI. Lubrication Guide 
 
(Excerpt from: GEK-72836E) 
 

Table 5:  Motor Lubrication Guide 
 

Type of 
Service 

Typical Examples HP Range 
Lubrication Interval (Yrs.) 
Horizontal Vertical 

Easy 
Valves, door openers, portable floor 
sanders, motor operating 
infrequently (one hour per day) 

1 – 7.5 
10 – 40 
50 – 150 
200 – 350 
400 - 1000 

10 
7 
4 
3 
1 

9 
3 
1.5 

9 months 
--- 

Standard 

Machine tools, air-conditioning 
apparatus, conveyors (one or two 
shafts), garage compressors, 
refrigeration machinery, laundry 
machinery, oil well pumps, water 
pumps, woodworking machinery 

1 – 7.5 
10 – 40 
50 – 150 
200 – 350 
400 - 1000 

7 
4 
1.5 
1 

6 months 

3 
1 

6 months 
3 months 

--- 

Severe 

Motor for fans, MG- sets, etc., that 
run 24 hours per day, 365 days per 
year; coal and mining machinery; 
motors subject to severe vibration; 
steel mill machinery 

1 – 7.5 
10 – 40 
50 – 150 
200 – 350 
400 - 1000 

4 
1.5 

9 months 
6 months 
3 months 

1.5 
6 months 
3 months 
1.5 months 

--- 

Very 
Severe 

Dirty, vibrating applications; where 
end of shaft is hot (pumps and fans); 
high ambient temperature 

1 – 7.5 
10 – 40 
50 – 150 
200 – 350 
400 - 1000 

9 months 
4 months 
4 months 
3 months 
2 months 

6 months 
3 months 
2 months 
1 month 
--- 

 
 

 

Table 6:  Number of Grease Gun Pumps 
 

Bearing Size on 
Motor Nameplate 

Number of Pumps 
Bearing Size on 
Motor Nameplate 

Number of Pumps 
16 Oz. Gun 
(Approx. 475 

mL) 

24 Oz. Gun 
(Approx. 700 mL) 

16 Oz. Gun 
(Approx. 475 

mL) 

24 Oz. Gun 
(Approx. 700 

mL) 
6205 5 3 6312 40 27 
6206 6 4 6314 50 35 
6208 10 7 6315; C 2315 65 45 
6210 25 17 6316 60 40 
6213 35 23 6318; NU 318 75 50 
6220 58 39 6320; NU 320; C 2320 95 65 
6309 20 13 6321 153 102 
6310 25 17 6324; NU324 246 164 

 
 
 
 

NOTE:  A standard 10,000 PSI (69 kPa) 16 ounce (475 mL) grease gun delivers approximately 0.04 oz. (1.18 
mL) of grease with each pump, and a 24 oz. (710 mL) gun delivers approximately 0.06 oz. (1.77 mL) of 
grease.  The number of pumps listed represents approximately 20% of the total grease cavity volume in 

end shield. 
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❏ Check shipments for damage in transit. After filing claim 
with carrier, notify Roots Sales Office.

❏	 Unpack Shipment carefully and check , contents against 
Packing List. Notify Roots if a shortage appears.

❏	 Store in a clean, dry location until ready for installation. 
Lift by methods discussed under INSTALLATION to avoid 
straining or distorting the equipment. Keep covers on 
all openings. Protect against weather, and corrosion if 
outdoor storage is necessary.

❏	 Read the manual and plan the complete installation. 
If supervision by a Roots Service Engineer is needed, 
contact the Roots Sales Office at least two weeks in 
advance and confirm by your purchase order.

❏	 Provide for adequate safeguards against accidents to 
persons, working on or near the equipment during both 
installation and operation. See SAFETY PRECAUTIONS.

❏	 Install all equipment as instructed. Foundation design 
must be adequate and piping carefully done to provide 
trouble free operation. Use recommended protection 
devices and accessories.

❏	 Make sure both driving and driven equipment is correctly 
lubricated before start-up. See MAINTENANCE AND 
LUBRICATION.

❏	 Complete start-up check list on pg 8. Run equipment 
briefly to check for obvious faults, and make corrections. 
Then make a trial run under normal operating conditions.

❏	 In the event of trouble during installation or operation of 
a new unit, do not attempt repairs. Notify nearest Roots 
Sales Office, giving all nameplate information plus an 
outline of operating conditions and a description of the 
trouble.

❏	 Units out of warranty may be repaired or adjusted by the 
owner. It is recommended that such work be limited to 
the operations described in this manual. Use of a Roots 
Authorized Distributor to perform repairs is recommended. 
Good inspection and maintenance practices should 
reduce the need for major repair.

NOTE - Information in this manual is correct as of the date of 
publication. The Manufacturer reserves the right to make de-
sign or material change without notice, and without obligation 
to make similar changes to equipment of prior manufacture.

For your nearest Roots Sales Office call 832-590-2600.

Do These Things To Get The Most From Your ROOTS™ Blower

IRB-EAX2 rev. 0410
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ROOTS® products are sold subject 

to the current General Terms of 

Sale, GTS-5001 and Warranty Policy 

WP-5020-SFP. Copies are available 

upon request. Contact your local 

Roots Office or Roots Customer 

Service Hot Line 1-877-363-ROOT(S) 

(7668) or direct 832-590-2305.

Machine Warning Signs
Make sure that everyone concerned with operating this 
machine has fully read and understood this instruction manual, 
and that they are fully aware of the meanings of the following 
warning symbols. Some symbols may also be found on 
relevant parts of the machine.

WARNING! Do not stand on any protruding parts 
of the unit.

WARNING! Pressurized air can be dangerous. To 
avoid death or serious personal injury and the risks 
associated with this type of machine, use safe 
working procedures. Do not inhale compressed 
air from the machine, this may also contain gas 
vapors or solid particles.

WARNING! Ensure machine is fully isolated from 
mains supply, locked out and the air pressure 
has been totally relieved before carrying out any 
maintenance work.

WARNING! Risk of electrical shock. Disconnect 
from mains supply before removing any covers.

WARNING! Rotating parts. Do not operate without 
guards in place.

WARNING! Read instruction manual care-
fully before positioning, operating or making any 
adjustments.

WARNING! Hot surface. This unit contains 
surfaces which reach high temperatures during 
operation.

Ground

WARNING! Risk of accidental start-up. The 
machine could start automatically in the event of 
a power cut, reset or when attached as part of an 
automated system.

WARNING! The unit produces a high sound level 
during operation. Ear protection should be worn if 
doors are opened for observation.

WARNING! Pressurized component or system.
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Safety Precautions 
CAUTION:

The machine is delivered without lubrica-
tion. Lubrication must be added before 
starting up. See page 10.

Follow these precautions in addition to any other local safety 
regulations when installing, maintaining or operating the 
machine:

METHODS OF WORKING

•	 Use	proper	care	and	good	procedures	in	handling,	lifting,	
installing, operating and maintaining the equipment.

•	 Electrical	work	must	only	be	carried	out	by	suitably	
qualified and authorized personnel.

•	 Make	sure	that	the	electrical	supply	is	of	the	specified	
voltage and has adequate fuse protection.

•	 Isolate	the	electrical	supply	and	release	all	air	pressure	
before attempting to carry out work on the machine.

•	 The	machine	is	not	intended	for	use	as	a	workstation.	

•	 Lubrication	must	be	handled,	contained	and	disposed	of	
in a safe and suitable manner.

•	 Provide	adequate	safeguards	against	accidents	for	
persons working in, on or near the machine during 
installation and operation.

•	 Do	not	direct	high-pressure	air	at	any	part	of	the	body.

•	 Do	not	stack	units.

HAZARDS

•	 The	blower	casing	and	associated	piping	and	accesso-
ries may become hot enough to cause major skin burns 
on contact.

•	 Do	not	reach	into	any	part	of	the	enclosure	or	blower	
when it is operating or liable to accidental starting. 
Internal and external rotating parts of the blower and its 
driving equipment can cause serious physical injuries.

•	 Keep	clear	of	open	inlet	piping	and	the	discharge	of	
blowers. Before operating the machine with piping 
disconnected, fit a substantial coarse screen over the 
open connection.

•	 Keep	clear	of	the	blast	from	pressure	relief	valves	and	
unloading valves.

•	 Keep	clear	of	air	blast	from	discharge	of	vacuum	
packages.

•	 Avoid	extended	exposure	to	machinery	that	exceeds	
safe noise levels. See Note 1.

Note 1 - To prevent unwanted heat and noise emitting from 
the customer supplied discharge piping it may be neces-
sary to lag or insulate the customer supplied piping.

DO NOT

•	 Do	not	attempt	to	adjust	the	setting	of	the	pressure	relief	
valve or unloading valve.

•	 Do	not	use	gasoline	or	other	flammable	fluids	to	clean	
blower parts.

•	 Do	not	exceed	the	operating	limitations	specified	in	the	
Contract Details without consulting Dresser Roots.

•	 Do	not	operate	the	unit	in	an	explosive	atmosphere	or	
hazardous locations.

•	 Do	not	install	the	machine	close	to	walls	or	sources	of	
heat.

•	 Do	not	bypass	or	render	inoperative	any	safety	or	
protection devices.

•	 Do	not	pressurize	vented	blower	cavities	from	an	
external source, nor restrict the vents. The blower casing 
pressure must not exceed 25 psi (172kPa) gauge.

Other potential safety hazards may also be associated with 
operation of this machine. All personnel passing through the 
hazardous area should be warned by signs and trained to 
exercise adequate precautions.

LONG TERM STORAGE

Package Preservation

The package has been treated internally to protect the 
components against atmospheric corrosion. The period 
of internal protection is considered to be one year under 
average conditions for a package that is stored indoors and 
the protective packaging material has not been disturbed. 
Protection against chemical or salt water atmosphere is 
not provided. Once the protective covering is removed, the 
corrosion protection will be quickly lost due to evaporation of 
the preservatives.

If the packaging is disturbed for any reason, or if the protec-
tion is required beond one year, use following procedure to  
refurbish protection:

•	 Coat	internals	of	blower	cylinder,	gearbox	and	drive	
end bearing reservoir and requre. Nox-Rust VCI-10 Oil 
or equal. Repeat once a year or as conditions removed 
before lubricating. For product information and MSDS 
sheets, go to Web site – www.daubertchemical.com.

•	 Attach	Zerust	capsules	to	the	blower	base.	For	product	
information and MSDS sheets, go to Web site – www.
zerust.com.

•	 Seal	the	entire	package	with	layers	of	plastic	sheeting	
or plastic bag. It is very important to make sure that the 
internal preservative will not escape through any cracks 
or openings.

•	 Protect	unit	from	excessive	vibration	during	storage.
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EAX2 
Package 

Size

Blower 
Size RPM

Temperature Rise Pressure Rise Inlet Vacuum Oil Sump Capacity

°F °C PSI mbar IN HG mbar Fluid 
Ounce Liters

50

22 U-RAI 5275 225 125 12 827 15 500 11 0.3

32 U-RAI 3600 240 133 15 1034 16 539 33 1

33 U-RAI 3600 225 125 12 827 15 500 33 1

42 U-RAI 3600 240 133 15 1034 16 539 39 1.2

65

36 U-RAI 3600 225 125 7 483 15 500 33 1

45 U-RAI 3600 225 125 10 690 16 539 39 1.2

53 U-RAI 2850 225 125 15 1034 16 539 52 1.6

100

47 U-RAI 3600 225 125 7 483 15 500 39 1.2

56 U-RAI 2850 225 125 13 896 16 539 52 1.6

59 U-RAI 2850 225 125 7 483 15 500 52 1.6

404 RAM -J 4000 240 133 15 1034 15 500 67 2

406 RAM -J 4000 240 133 15 1034 15 500 67 2

409 RAM -J 4000 240 133 15 1034 15 500 67 2

150

155 RAM X 4750 240 133 15 1034 16 539 67 2

225 RAM X 4750 240 133 15 1034 16 539 67 2

280 RAM X 4750 230 128 12 827 16 539 67 2

200
400 RAM X 3560 230 128 15 1034 16 539 157 4.6

500 RAM X 3560 230 128 12 827 16 539 157 4.6

250
600 RAM X 3050 230 128 15 1034 16 539 237 7

770 RAM X 3050 230 128 12 827 16 539 237 7

300
800 RAM X 2670 230 128 15 1034 16 539 390 11.6

1000 RAM X 2670 230 128 12 827 16 539 390 11.6

Table 1 - Maximum Allowable Operating Conditions & Oil Sump Capacities

Owner Responsibility
Discussion regarding documentation and maintenance 
to be performed by owner.

To ensure satisfactory operation and protect the integrity 
of the warranty the below items are the responsibility of the 
owner and must be performed.

•	 Customer	to	record	start-up	date	of	each	blower	
package. This will verify the beginning of the operational 
warranty.

•	 Gearbox	and	Drive	End	lubrication	(oil)	should	be	the	
specified and recommend Roots synthetic lubrication of 
the proper viscosity for the ambient temperature ranges 
experienced at the installed location.

•	 The	first	lubrication	service	is	to	be	performed	after	the	
first 100 hours of operation. The lubrication must be 
serviced there after based on the calculation provided 
in the lubrication section of the blower manual supplied 
with the package/s. 

•	 Records	of	service	including	date	and	hours	since	last	
service must kept and available upon Roots request.  
Personnel clock number or ID # should be included in 
the record.

•	 Drive	End	lubrication	if	grease	lubricated	should	be	the	
specified and recommend Shell Darina SD 2 NLGI #2 
product code 506762B grease. The grease should be 
serviced as per the lubrication section of the blower 
manual supplied with the package/s.

•	 Belt	tension,	belt	condition	and	drive	component	condi-
tion must be verified semi monthly. Belt tension must be 
verified as per the drive belt section of this manual.

•	 Records	of	the	drive	service	including	date	and	hours	
since last service must kept and available upon Roots 
request.

•	 The	inlet	filter	must	be	monitored	and	serviced	as	
required in order to prevent operating the unit with a 
restricted inlet.

•	 Records	of	the	inlet	filter	service	including	date	and	
hours since last service must kept and available upon 
Roots request.

•	 The	drive	motor	must	be	maintained	as	per	the	motor	
manufactures instructions provided in the package 
manual supplied separate of the package.

It is a good practice to record of all gauge readings daily.
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Description 
GENERAL CONFIGURATION

ROOTS™ EasyAir® X2 blower/exhauster packages are available 
in a range of sizes, with a general configuration as shown. 
Each unit consists of an acoustic enclosure containing the 
blower, blower drive, and accessories mounted on a sub-base 
assembly. 

The acoustic enclosure incorporates removable panels for 
maintenance access, and is fan-ventilated. Anti-vibration 
mountings support the sub-base assembly, so that no external 
anti-vibration measures are required. 

The motor drives the blower by means of a V-belt equipped 
with a unique Roots automatic tensioner.

Front View

Rear Panels Partially Removed

Pressure Relief Valve

Rear View

Front Panels Removed

Intake Air

Gauges

Oil Fill 
Access 
Point

Motor

Ventilation 
Fan

Outside 
Air Piping  
Connection

Inlet Filter 
Housing

Forklift 
Access 
Panels 
Only In 
Front

Outside Air 
Piping Access 

Panel

Oil Level 
Gauge

Blower

V-Belt 
Drive

Silencer 
Base

Isolators

Pressure 
Relief 
Valve

Exhaust
Air

Check
Valve

Electrical 
Access Panel
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Protection Devices and Accessories 
STANDARD DEVICES 

The following devices are supplied with a standard factory 
blower package system:

•	 Inlet	filter/silencer

•	 Panel-mounted	filter	restriction	indicator	

•	 Discharge	silencer/sub-base	assembly

•	 Pressure	relief	valve

•	 Check	valve

•	 Anti-vibration	mounts

•	 Discharge	pressure	gauge

•	 Discharge	flex	connector	(before	check	valve)

•	 Oil	drain	manifold

•	 Drive	motor

•	 V-belt	drive	with	tension	control

•	 Acoustic	enclosure	(fan	ventilated)

•	 Discharge	Temperature	Gauge

OPTIONS

These devices can be supplied on request:

•	 Switches,	pressure	and	temperature

•	 Unloading	valve

•	 Lever-operated	butterfly	isolation	valve,	mounted	in	
customer piping down stream 

•	 Starter	panel

•	 IntelliView	PLC

•	 Variable	speed	drive

Installation and Start-Up

EAX2 DOOR REMOVAL PROCEDURE
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LOCATION REQUIREMENTS

Select a location away from walls and obstructions. The front 
and rear panels are removable, but not the side panels. Allow 
space for access to the front and rear of the machine as shown. 
Multiple units can be positioned end-to-end with sufficient gap 
between them to allow free passage. Do not stack vertically.

If side panel access is expected, use 24" access spacing 
in place of 1".

FOUNDATION

The unit must be mounted on a firm foundation which must be 
smooth, flat, and level, within .06" in each direction from end 
to end.

LIFTING AND MOVING

Units are shipped fully assembled. 

If weatherhoods are provided, they must be installed once the 
package is in its final position. Before attempting to lift or move a 
unit, refer to the table on the right for the unit weight and check 
that this does not exceed the safe working load of the lifting 
equipment available and skill level of personnel.

DOOR REMOVAL/INSTALLATION PROCEDURE

Package Size Approx. Wgt. (lbs) Approx. Wgt. (kg)

EAX2 50 985 448

EAX2 65 1230 559

EAX2 100 2200 1000

EAX2 150 3600 1636

EAX2 200 4850 2204

EAX2 250 7300 3318

EAX2 300 10400 4727

A

C

B

Pkg Size A B C

EAX2 50, 65, 
100, 150 36" 36" 1"

EAX2 200 36" 36" 1"

EAX2 250, 300 36" 36" 36"
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Lifting with Fork Lift

LIFTING FULLY-ASSEMBLED UNITS

Remove (4) corner nuts from holding bolts underneath the 
skid to dislodge enclosure from the skid.

Remove hex head screws securing two cover plastes as 
shown on page 3.  Make sure the base is well supported 
under the entire width by the forks.  Lift and move by fork lift.

Anchoring

Bolt down the base frame using (4) 5/8" dia. (19 mm) anchor 
bolts in the bolt-down holes. 

Do not fit external anti-vibration mountings; the machine has 
integral anti-vibration mountings.

Note: Once the base frame is anchored to the slab, a 
continous bead of silicon, except two inches at each corner, 
should be applied between the cabinet panels and the slab to 
prevent noise from escaping. Leave adequate path for water 
drainage.

Electrical

WARNING

Connection and wiring must be carried 
out by a qualified and authorized person in 
accordance with local wiring regulations.

Refer to the supplied manufacturer electrical drawings 
for the main motor and accessories connections.

Fork Lift 
Access 
Slots

Electrical 
Cable 
Access 
Opening
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NOTICE

The shipping stud securing the cabinet to the blower/motor 
base must have the nut #1removed and nut #2 loosened 
once the blower is placed into it final position and secured to 
the foundation. 

Nut # 2 should be run down a secured against the lower nut 
on the stud.

In the event the package is to be relocated in the future the 
nuts must be replaced before lifting the package.  

See the illustration below for clarification.

Step Check/Procedure Done

1 Base frame assembly securely anchored to the 
foundation. See foundation requirements under the 
“Installation & Start-Up” section of the appropriate 
blower package manual.

❏

2 Machine filled with the specified and recommended 
Roots synthetic lubrication of the proper viscos-
ity for the ambient temperature of the space the 
blower and motor are located. Detailed instructions 
regarding filling the blower with lubrication and 
installing the decal attached to the lubrication sight 
tube are provided in this manual. Please refer to 
these instructions for proper filling and decal instal-
lation instructions. DO NOT OVERFILL  

❏

3 Piping and check valve connected w/ flexible con-
nection installed. Flexible connections w/ control 
rods require proper adjustment. Please refer to the 
appropriate blower package manual for installation 
procedures.

❏

4 Drive belt alignment and tension are correct. See 
“Drive belt” section of the appropriate blower pack-
age manual.

❏

5 Correct direction of rotation is CCW when facing the 
shaft end of the blower. (Jog motor – check direction 
corresponds with direction shown by the direction 
arrows) Wait for the blower to come to complete stop 
before restarting (jogging) the motor.

❏

6 Run machine for 1-1/2 hours. Check for leaks, 
vibration, hot spots or unusual noises. 

❏

7 Re-check drive belt tension to verify correct after 
first 8 hours of operation.

❏

8 Verify relief valve operation. ❏

9 If the package has shut down/alarm instrumenta-
tion verify if shut down/alarm instrumentation is 
installed and operating. 

❏

10 Refer to the “filter” comments under “Maintenance 
& Lubrication” section and mark the filter indicator 
gage accordingly.

❏

11 If the package was supplied with a 0" to 60" H2O 
filter indicator gauge refer to the “filter” comments 
under “Maintenance & Lubrication” section and 
mark the filter indicator gage accordingly.

❏

12 For EAX2™ verify a bead of silicone has been ap-
plied around the outside perimeter of the enclosure 
to the concrete foundation.

❏

13 Drive motor properly greased. Follow detailed 
instructions provided.

❏

Start-up
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Piping Configuration

INSTALLATION OF CONTROL RODS FOR METAL 
BELLOWS TYPE EXPANSION JOINTS:

Tighten nut “B” against the control rod lug.

To prevent over extension of the bellows, nuts “A” and “E” 
are welded to the control rods.

To prevent over compression of the bellows, locate nut “D” 
0.50” from the lug “F”. Jam nut “C” against nut “D” to prevent 
its movement during operation.

There are four control rods “E” per expansion joint.

Customer Piping Connection:  Customer piping 
discharge/inlet should be connected to the package 
in a manner that will not exert external forces on the 
package. A flexible expansion joint should be used 
between package and the customer connection.

To prevent unwanted heat and noise emitting from 
the customer supplied discharge piping, it may be 
necessary to lag or insulate the customer supplied 
piping.

Check Valve Installation

The screws protruding 
through the top and 
the bottom of the valve 
body must be in the 
vertical position.
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Maintenance and Lubrication
Access

CAUTION

If machine is observed while in opera-
tion, all relevant Health and Safety Steps 
and Precautions must be adhered to!

Hearing protection must be worn for 
running visual inspection!

Frequency Item Action Reference

Weekly

Filter Refer to the filter section for pressure units and the vacuum section for vacuum unit 
inlet filter service intervals. Filter, page 13

Drive Check condition of belts. Drive belt, pg. 15

Lubrication Check lubricant level and top off if necessary. See blower manual

Monthly Drive Verify belt tension as per the “Drive Belt” section of this manual. Drive belt, pg. 15

As required
Lubrication Refer to section “How to properly determine the oil service intervals”. See pg. 12

Ventilation Check condition and operation of ventilitation fan. Clean fan.

*More frequent check/change may be required depending on operating lubrication temperature. Refer to blower manual.

For maintenance of the motor, refer to the manufacturer’s manual.

Due to sludge build-up and seal leakage problems, Roots recommendation is  
DO NOT USE Mobil SHC synthetic lubricants in ROOTS™ blowers.

During the initial start-up the below instructions must be 
followed.

Lubrication Decal installation procedure.

Please follow the below steps before installing the supplied 
lubrication decal(s).

1. Using the table below select the appropriate blower 
frame size supplied in the package. The blower frame 
size can be found on the serial tag located on the 
gearbox or opposite end of the drive on the blower itself.

These capacities above are provided to assist with the lubrica-
tion filling process of EAX2 packages. Exact sump capacity may 
differ slightly depending somewhat on the level of the package.

See Table 1 for approximate oil sump capacities.

Note: the blower/silencer base must be level with in 
1/16" each direction.

2. Using the lubrication sump capacities provided above 
measure the called out amount of the specified and 
recommended Roots synthetic lubrication and pour 
these amounts into each respective drive end and gear 
end lubrication sump.

3. Allow sufficient time for the lubrication to level out in the 
lubrication sumps.

4. Allow sufficient time for the lubrication to make its way 
through the hoses and into the lubrication sight tube 
mounted on the front of the cabinet.

5. After a period of time verify the lubrication level in the two 
sight glasses on the blower itself. The lubrication level in 
the sight glasses on the blower should be within .060" of 
the center line of the sight glasses. The two sight glasses 
are located on the left side (motor side) of the blower 
when facing the drive end of the blower.

6. Adjust each lubrication sump until the lubrication level in 
both sight glasses on the blower is with in .060" of the 
center line of the sight glasses. DO NOT OVERFILL.

7. After sufficient time has transpired for the lubrication to 
make its way through the hoses and into the lubrication 
sight tube mounted on the front of the cabinet note the 
lubrication level in the sight tube.

8. Remove the decal backing exposing the self adhesive 
surface and apply it to the lubrication sight tube with the 
bottom of the top red line at the top of the lubrication 
level in the sight tube.

9. The lubrication level must be maintained between 
the two red lines on the decal when the blower is not 
operating.

Routine Maintenance Schedule
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WARNING

Top off the lubrication when the machine 
is stopped; never while it is running.

The lubrication level should be between the 
indicator lines when the unit is not operating as shown below.

To top off, remove fill  bottle cap, add lubricant until the level is 
correct, and close the filler cap. Do not over-fill. 

Draining and Filling

To drain the lubricant:

1. Stop the machine and disconnect the power supply. 

2. Remove the upper door panel from the front of the 
enclosure.

3. Place a suitable container beneath the drain in front of 
level gauge.

4. Remove breathers from blower covers and loosen and 
remove drain plug in front of oil level gauge.

To refill:

1. Close and tighten the drain plug.

2. Add lubrication through the breather holes in blower 
covers until the level is between the lines marked on the 
decal.  Again, the unit must be filled when the unit is not 
operating. Never over-fill. Lubricant  could be filled thru fill 
bottle, but this will take relatively longer time.

3. Replace the breathers.

5. Clean up any spilled lubrication for safety.

6.  Replace the door on the enclosure.

How to properly determine the oil service intervals.

The first lubrication service is to be performed after the first 
100 hours of operation.

Normal life expectancy of the specified and recommended 
ROOTS® Synthetic oil is approximately 6000 hours with 
an oil temperature of 180°F (82°C) or less. As the oil 
temperature increases by increments of 15°F (8°C), the oil life 
is reduced by half for each 15°F (8°C) increase. Example: Oil 
temperatures of 195°F (90.5°C) will produce a life expectancy 
reduced by half or 3000 hours oil service life.

NOTE: To estimate oil temperature, multiply the discharge 
temperature of the blower by 0.88. Example: if the discharge 
air temperature of the blower is 200° F, it is estimated that 
the oil temperature is 160° F

High ambient temperatures contribute to increased lubrica-
tion sump temperatures. In situations such as blowers in 
an enclosure, blowers exposed to radiant heat from other 
sources, blowers installed in areas with poor circulation or 
ambient temperatures above 80°F the lubrication sump 
temperature should be measured rather than fully rely on the 
calculation.

CAUTION

The machine is delivered without lubrica-
tion. Before proceeding, fill the blower 
with lubrication of the correct type as 

detailed in the blower IOM manual. Lubricate motor per 
manufacturer recommendation.  

The specified and recommended lubrication is ROOTS® 
Synthetic Lubrication P/N 813-106-XXX of the proper 
viscosity for the ambient temperature of the space 
blower and motor are mounted in.

ENCLOSURE TEMPERATURE

Packages are generally supplied with 40°C standard motors.  
In this case, the temperature inside the enclosure must not 
exceed 120°F (49°C).

For very hot climates, 50°C motors are required, in this case, 
the temperature inside the enclosure must not exceed 135°F 
(57°C).  More frequent lubrication service intervals will be 
required for higher enclosure temperatures.

Start-Up

Carry out the following checks and procedures, and check 
the boxes to verify that the start-up has been carried out 

correctly:

LUBRICANT 
DRAIN PLUG

Table of Recommended Oil Grades
Ambient* 

Temperature °F (°C)
ISO 

Viscosity No.

Above 90° (32°) 320

32° to 90° (0° to 32°) 220

0° to 32° (-18° to 0°) 150

Below 0° (-18°) 100

*Ambient temperature is defined as the temperature of the space in which the 
blower and drive are located.
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Filter Gauge

Dwyer Gauge

Filter
At start-up of the package and under normal loaded condi-
tions note the base reading vacuum level on the filter gauge 
with the clean new filter element installed. The filter must 
be renewed at 10”-15” (254-381mm) H2O above the base 
reading.

It is recommended that the filter indicator gauge be marked 
at 10” (254mm) H2O and 15” (381mm) H2O above the 
base reading. The filter element must be renewed when the 
reading is between these two marks.

Allowing the package to operate with a restricted inlet filter 
results in overheating, possible damage to the blower lubricant 
and wasted power.

For the packages supplied with color coded filter gauge, if the 
indicator is in green zone, no action is required. If the indicator 
is in the yellow zone, schedule service to replace the filter. If the 
indicator is in the red zone, replace the filter.

Replacing the Filter

We recommend that you keep two or more spare 
filter elements and replace them as indicted in the 
Routine Maintenance Schedule. See below.  

When replacing always use genuine Dresser parts.

Changing the Filter

CAUTION 

Machine must be switched off, fully 
isolated and stationary before attempting 
to clean or change the filter element!

•	 Remove	filter	lid	depending	on	type.	(See	pictures	this	
page).  

•	 Break	seal	and	lift	lid	off.	

•	 Remove	filter	element.

•	 Inspect.

•	 Refit	or	replace	element.

•	 Refit	lid	and	fasten	in	position.
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Figure D Figure E Figure F

FILTER REMOVAL

Figure A: Loosen four handles and remove the cover.

Figure B: Slide out the filter and plate assembly.

Figure C: Remove the filter plate.

FILTER INSTALLATION

Figure D: Slide the filter in and make sure it seats properly on 
the bottom.

Figure E: Install filter plate making sure that the plate pin llines 
up with the top hole in the filter support bracket.

Figure F:Install filter plate making sure that the plate pins line 
up with the filter flange holes. tighten handles securely.

Cover pin 
goes in this 
top hole.

This alignment pin goes into 
the hole in this flange

Figure A Figure B Figure C
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Drive Belt
CAUTION

When rotating pulleys by hand, beware 
of finger entrapment between belt(s) and 
pulleys!

Always ensure when replacing any parts 
of the drive that identical replacements are 
always used.  The use of non compatible 
replacements can result in severe damage of 
the machine!

The automatic tensioner maintains the correct V-belt tension 
under normal working conditions, but it is good practice to 
check that the tensioner is performing correctly as indicated 
in the Routine Maintenance Schedule (page 10).

For checking belt tension, you may use Dodge V-belt tension 
tester part # 109082. Original instructions can be obtained 
from: www.dodge-pt.com/literature/index.html

CAUTION

Drive alignment is factory set but may 
move during transportation, it is therefore 
good practice to check the drive align-
ment on initial installation!

Occasions when the following procedures will be required are 
when either the motor or blower has been fully removed for 
overhaul!

In the event of the drive needing realignment use the following 
procedure:

•	 Secure	Blower	in	position.

•	 Leave	motor	bolts	finger	tight.

•	 Ensure	there	is	NO	tension	applied	by	the	self-tensioner	
(fully released). 

•	 Using	a	straight	edge	pushed	hard	against	the	blower	
pulley face with right hand. Allow the left hand to drop 
down towards the motor pulley. Check position of motor 
pulley face against straight edge.

•	 Reposition	motor	as	necessary	to	ensure	straight	
alignment of both pulleys.

•	 Carefully	re-tighten	motor	bolts	fully	and	re	check	
alignment.

•	 Refit	belt(s).

•	 Spin	the	pulleys	3	to	4	revolutions	to	bed	belts	into	the	
pulley grooves.

•	 Tension	belts	per	manufacturer	recommendations.

Procedure describing the removal and 
replacement of drive belts.

Removal:

•	 On	top	of	the	tension	spring	and	on	the	threaded	rod	is	
two nuts locked together. Using two wrenches break the 
two nuts loose. 

•	 Loosen	the	top	nut	approximately	two	inches.	Then	
loosen the second nut and this will begin to loosen the 
tension on the spring and allow the belt tension to be 
released.

•	 The	nuts	must	be	loosened	enough	to	allow	the	belts	to	
be removed with out having to force the belts over the 
rim of the pulleys. Remove the belts.

Replacement:Belt Tension Indicator

(1) Remove the front two panels by unscrewing M6 screws. 
This will expose the fan and the motor sheave.
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(5) Pass the belt between the sheave and the exhaust 
plenum.

(6) Pull the belt out through the clearance between the fan 
OD and the panel hole.

(2) Loosen up the spring nuts and move both of them up to 
the end of the rod. This will free up the spring.

(3) Raise the to nut all the way up to the motor pad. Continue 
to raise the nut. This will cause the motor to tilt forward 
releasing the belt tension.

(4) Lift the belt out of the sheave grooves.

Loosened belts
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Ccntinuation of step 6

CAUTION: In some cases it may be necessary to 
remove the fan for  belt replacement.

(1) Pass the belt through the clearance between the panel 
hole and the blade OD and on to the sheave grooves.

(2) Slide the belts into the pulley grooves of the motor and the 
blower.

Belt Installation
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(3) Lower the nuts (A) away from the motor pad. Lower 
the the nuts (B) against the spring washer and apply slight 
compression. Spin the pulleys 3 to 4 revolutions to bed the 
belts into the pulley grooves. Adjust the belt tension by mov-
ing two spring nuts (B) up or down as required. Once proper 
tension is achieved, tightne the top nut against the bottom 
nut to prevent it from loosening up during operation. Set nuts 
(A) about an inch below the motor pad and jam them against 
each other. In case of belt breakage, these nuts will prevent 
motor from falling further.

Set V-belt tension per drive manufacturer recommendation 
using pencil or sonic tension tester.

Dodge belt tension tester Part # 109082 
Instruction is availabel from Dodge Web site, 
http://www.dodgept.com/pdf/instruct_manuals/pt_compo-
nents/vdrives_sprocket_chain/499515.pdf

(4) Verify belt tension after the blower has operated for period 
of 24 hours.

(B)

(A)
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NOTE: In some cases, there may be a spacer between the 
shaft and the fan.

If it becomes necessary to remove the fan for belt 
replacement, please follow the instructions below to 
install the fan.

(1) Clean shaft and bolt threads thoroughly. Both these 
threads must be 100% oil free. Apply Locktite 272 to bolt 
threads. Make sure the fan hub is towards the shaft. Install 
fan. Torque bolt  to the values listed below first and then the 
set screw in the fan hub

Blower Size Fan Bolt Torque (Ft/lb)

RAM X 155/225/280 85

RAM X 400/500 175

RAM X 600/770 175

RAM X 800/1000 450

Flat washer next to the fan hub

Lock washer under the bolt head

Bolt
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PRESSURE RELIEF VALVE

CAUTION

Never attempt to readjust the valve 
setting(s). If there is a problem consult 
with a member of Dresser Roots 
Aftermarket/Service team.

This machine is fitted with a factory-set pressure relief valve.  
This device is to prevent over pressurizing of the blower, 
silencer and other parts of the system.

The valve will open whenever the system pressure reaches 
the relief valve setting; this is an indication that there is 
something wrong in the downstream pipe work.

If the valve opens, shut down the system immediately and 
determine the cause of obstruction in the discharge pipe 
work. Do not simply try to stop this by readjusting the valve 
settings.

Possible causes: closed isolation valve, build up of material in 
the system pipe work or some other type of obstruction.

CAUTION

Do not operate blower for extended 
period with relief valve open, this will 
cause the enclosure temperature to rise 
suddenly and may damage the equipment 
inside.

Pressure Relief Valve
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Vacuum Package Section
Filter

Follow these instructions to determine when the inlet filter 
element should be serviced. At start-up of the package 
and under normal loaded conditions note the base reading 
vacuum level on the filter gauge with the clean new filter 
element installed. The filter must be cleaned or renewed at 
10”-15” H2O above the base reading. It is recommended 
that the filter indicator gauge be marked at 10” H2O and 
15” H2O above the base reading. The filter element must be 
cleaned or renewed when the reading is between these two 
marks. Never allow the package to operate with a restricted 
inlet filter.

Please refer to the Maintenance & Lubrication section of 
this manual for additional warnings and filter replacement 
instructions.

Warning

Air blast and noise from discharge of vacuum packages must 
be treated to prevent injury or excessive noise.

Discharge air from vacuum packages can be piped away 
from the package. Please consult Roots regarding treating 
the air blast.
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INSTALLATION OF INLET ACOUSTIC BARRIER:

INLET ACOUSTIC BARRIER

HANGING BRACKET

INLET ACOUSTIC BARRIER

(1) REMOVE THE TWO SCREWS 
WITH LOCK WASHERS AND 
FLAT WASHERS FROM THE 
ENCLOSURE PANEL.

(2) HANG THE ACOUSTIC 
BARRIER

(3) FROM THE BRACKET.

(4) INSTALL THE TWO SCREWS 
WITH  FLAT AND LOCK 
WASHERS TO SECURE THE 
INLET ACOUSTIC BARRIER.

BRACKET



INSTALLATION OF EXHAUST 
ACOUSTIC BARRIER

HANGING BRACKET

(1) REMOVE THREE SCREWS 
WITH FLAT WASHERS  AND 
LOCK WASHERS FROM 
ENCLOSURE PANEL.

(2) HANG THE EXHAUST 
ACOUSTIC BARRIER FROM 
THE BRACKET.

(3) INSTALL MOUNTING 
SCREWS WITH FLAT AND 
LOCK WASHERS.

(4) INSTALL CENTER BRACKET 
SCREW WITH FLAT AND LOCK 
WASHER.

EXHAUST 
ACOUSTIC 
BARRIER

CENTER 
BRACKET



ENCLOSURE SIZE 250/300(ADDITIONAL FEATURES)

INLET BRACING

MULTIPLE EXHAUST 
BARRIERS

EXHAUST BRACINGLIP FOR HANGING THE INLET IS AT THE 
TOP.



Start-Up procedure for ROOTS EasyAir8000® & EA® X2 Packages 
 
Carry out the following procedures; mark each item as completed along w/ any comments 
required. 
 
Step                                Check/Procedure                                                                   Done 
 

1. Base frame assembly securely anchored to the foundation. See foundation               
requirements under the “Installation & Start-Up” section of the appropriate blower  
package manual. 

Comments; ________________________________________________________ 
__________________________________________________________________ 

 
 

2. Machine filled with the specified and recommended Roots synthetic 
lubrication of the proper viscosity for the ambient temperature of the space 
the blower and motor are located. Lubrication level to be verified half way in 
both sight glasses on the blower itself at initial start-up. After initial filling 
note the level in the sight tube/s mounted to the package cabinet as this is 
the appropriate level when the unit is not operating. See lubrication 
specifications and recommendations in appropriate blower model manual 
for approximate lubrication quantities.                 

Comments; _________________________________________________________ 
 

 
 

3. Record type of lubrication used in the blower, viscosity (ISO) and 
manufacturer.                                                                           

Comments; _________________________________________________________ 
 
 
 

4. Piping and check valve connected w/ flexible connection installed. Flexible 
connections w/ control rods require proper adjustment. Please refer to the 
appropriate blower package manual for installation procedures.                                                      

Comments; _________________________________________________________ 
 
 
 

5. Drive belt alignment and tension are correct. See “Drive belt” section of the  
appropriate blower package manual. 

Comments; _________________________________________________________ 
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6. Correct direction of rotation is CCW when facing the shaft end of the blower. 
(Jog motor – check direction corresponds with direction shown by the 
direction arrows) Wait for the blower to come to complete stop before 
restarting (jogging) the motor.                                                    

Comments; _________________________________________________________ 
 

 
7. Run machine for 1-1/2 hours. Check for leaks, vibration, hot spots or 

unusual noises.                                                                                                             
Comments; _________________________________________________________ 
 

 
 

8. Re-check drive belt tension to verify correct after first 8 hours of operation.                                    
Comments; _________________________________________________________ 
 

 
 
9. Record all gauge reading.                                                                                             

Comments; _________________________________________________________ 
 

 
 

10. Verify relief valve operation.                                                                                         
Comments; _________________________________________________________ 
 

 
 

11. For EA8000™ packages verify all exhaust fans are operating when main 
motor is operating.                                            

Comments; _________________________________________________________ 
 

 
 

12. If the package has shut down/alarm instrumentation verify if temperature 
and pressure switches are installed and operating.                                                                          

Comments; _________________________________________________________ 
 

 
 

13. Refer to the “filter” comments under “Maintenance & Lubrication” section 
and mark the filter indicator gage accordingly.  

Comments; _________________________________________________________ 
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14. For EAX2™ verify a bead of silicone has been applied around the outside        
perimeter of the enclosure to the concrete foundation. 

Comments; _________________________________________________________ 
 
 
 
 
 
Additional Comments: 
 
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________ 
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________
________________________________________________________________ 

 
 
 
 
Package use:   Pressure _________     Vacuum____________ 
 
Package Serial Number:________________________________ 
 
Start Up Date:______________Visit Duration:_______________ 
 
Service Company:_____________________________________  
 
Field Service Tech / Engineer: ___________________________ 

 
Customer Sign Off 
Name:______________________________________________         
 
Title:_______________________________Date:______________________ 
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